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TRANSLATOR'S PREFACE. 



In completing the task confided to me by the Council of the New 
Sydenham Society, I think it necessary to explain that the following 
pages do not consist of mere translations of the Essay of Professor 
Schroeder van der Kolk on the Spiaal Cord, originally pubUshed 
by the Eoyal Academy of Sciences at Amsterdam, in 1854, and of 
his Treatise upon the Medulla Oblongata and Epilepsy, published by 
the same learned body in 1858. The distinguished author has 
kindly sent me so large an amount of additional matter, together 
with alterations of two or three portions of the original, in reference 
to which his views have undergone some modification, that the 
present must be considered as a second edition of the above 
important works, enlarged and carefully revised by their author. 

Under his direction, the appendix to the Dutch edition of the 
Essay on the Spinal Cord has been interwoven with the text. A 
German translation by Professor Theile, of Weimar, wiU shortly be 
published, in which the two works have been thrown yet more 
completely into one. The Council of the New Sydenham Society 
has, however, determined, that while both treatises shaU be published 
in one volume, with a common index, they shall in other respects be 
kept distinct. 

There is probably no part of the human body, which is more 
highly calculated to excite our admiration of the infinite skill dis- 
played in its construction, than the nervous system, nor is there 
any portion of the Creator's work where the adequate adaptation 
of means to end, is more wonderfully shown, than iu the mechanism 
by which the coordination of movements is provided for. To the 
elucidation of this mechanism the present volume contains some 
valuable contributions. 



viii PREFACE, 

The author's observations on the influence of the corpora olivaria 
in the articulation of words, and on the variety of lesions of speech 
which accompany morbid affections of different parts of the brain 
and medulla oblongata, are, I thint, worthy of especial attention. 

His remarks on the intermittent character of many convulsive 
and neuralgic attacks, which are yet dependent on persistent causes, 
are calculated to afford much important aid in the establishment of the 
diagnosis in some difficult cases, where the most regularly recurring 
fits of severe suffering, though perfectly intermittent, are nevertheless 
the result of intense organic disease. 

Not less important, are the results of the measurements made by 
the author, of the diameters of the capillaries of the medulla oblon- 
gata in cases of epilepsy, whence he infers that in patients who do 
not bite their tongues during a fit, the vessels are more Hable to be 
dilated in the course of the vagus, and that from the consequent 
disturbance of the organs of respiration, the paroxysms are in such 
instances more dangerous to life. 

Lastly, the indications laid down for the rational treatment of 
epilepsy are deserving of attentive consideration. I am glad to 
know that the valaable essay by Kussmaul and Tenner, on epileptic 
convulsions as consequent on large losses of blood, which is quoted 
by the Professor at page 209, is in course of translation for the New 
Sydenham Society, and will soon be issued to its Members in a com- 
plete form. 

The foregoing are some of the more important practical points 
dwelt upon in the following pages. In conclusion, I gladly take 
this opportunity of expressing my sense of obligation to the 
distinguished author of the origiaal works for his kind cooperation 
durrag the progress of the task intrusted to me. I have had the 
privilege, while engaged in this translation, of Constant corre- 
spondence with him, and of consulting him on all subjects in 
reference to which I might feel in any doubt. He has carefully 
revised each sheet while passing through the press, thus affording to 
the reader the best possible guarantee, that however the translation 
may fail in composition, it faithfully conveys the author's meaning. 



PREFACE. . ix 

I am also under obligation to Mr. Benjamin Wills Eichardson, 
one of the Examiners in the Eoyal College of Surgeons in Ireland, 
who has taken the trouble of revising the translation, both in 
manuscript and in proofs. To Mr. Hutchinson, the indefatigable 
Secretary of the New Sydenham Society, I am indebted for nume- 
rous suggestions and much valuable assistance. The plates have 
been carefully copied, by Mr. Tuffen West, from those in the 
original work, which are after drawings from nature by the author 
himself. 



7, South Anne Street, Dublin. 
June 6th, 1869. 
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The grouping of the different figures has been altered somewhat 
from that of the original work. In transference from the 4to. to 
the 8vo. form this was unavoidable. It is hoped that, with the 
help of the subjoined list, the reader wiU not experience any 
dif&culty in finding the several displaced Figures. 



Pigs. 1 
" o .' see Plate I. facing Page 35. 

,. 4; 



^S'- ^jsee Plate II. 

Pig. 7 see Plate IV. 
Fig. 8 see Plate III. 

^""S- 9jsee Plate IV. 

Fig. 11 see Plate V. 
Fig. 12 see Plate IV. 
• Fig. 13 see Plate V. 



40. 

51. 

48. 

51. 

78. 
51. 

78. 



ON THE 



MINUTE STRUCTURE AND FUNCTIONS 



SPINAL COED. 



CHAPTEE I. 

HISTOEIC SKETCH OF INTESTIGATIONS AS TO THE MINUTE 
STEUCTTJRE OV THE SPINAL COED. 

The examination of the intimate structure of the braia and spinal 
cord is, undoubtedly, one of the most difiicult investigations in 
minute anatomy. The peculiar softness of these parts, the fact 
that they are destroyed by slight pressure, the extraordinary minute- 
ness and delicacy of their tissue (their primitive filaments being quite 
imperceptible to the naked eye, while, it is with difliculty that, under 
a tolerably strong magnifying power, a single thread can be followed 
even for a very short space) — ^lastly, the infinite number of the pri- 
mary filaments (which ia many places interlace in the most varying 
manner, forming a network incapable of being unravelled) — are so 
many reasons why the most persevering efforts of very distinguished 
anatomists have led to such varying results, and why great difference 
of opinion stiR exists in reference to the most important questions. 

Among these questions is that of the difference between the white 
or medullary, and the grey substance. The latter contains in many 
places various ganglionic cells, from some of which issues an extremely 
fine network of ramified filaments, often very difficult to distinguish 
from the interposed web of minute blood-vessels, and the connec- 
tion of which with the medullary matter (white nerve, or cerebral 
filaments) is stiU far from being universally agreed upon and clearly 
demonstrated. 
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The constitution of the spinal cord, on the discovery of which 
depends the explanation of a number of important physiological 
questions, has of late years, in an especial manner, attracted the 
attention of the most emiaent anatomists. 

The question as to whether the nerve filaments run from their 
ultimate distribution directly through the spinal cord into the brain, 
seemed formerly scarcely to admit of doubt ; since not only are sen- 
sations communicated through the spinal column to the brain, but 
also the orders of our wiU are conveyed thence with iaconceivable 
rapidity to the different muscles. 

After Ehrenberg had shown that the brain and spinal cord in 
their intimate structure consisted of minute tubes,* the immediate 
connection of the nerves through the latter with the former, appeared 
to have been demonstrated by Valentin beyond all doubt.f Eemak, 
who subsequently engaged in. the microscopic examination of the 
grey substance, and closely investigated the ganglionic ceUs with 
their efferent filaments, J was one of the first who seems to have 
had some doubt as to the direct course of the nerves through the 
spinal cord into the brain. He refrains, however, from giving a 
decided opinion; and writes thus : De ratione, quae inter radices 
nervorum spinalium et substantias medullee spinalis intercedit, nihil 
ad hue constat, neque ipse quamque huic rei investigandse plurimum 
operse dederim, ahquid certe ad hue proferre possum. Id solum 
persuasum habeo, fibras radicum nervorum, non tarn simpHcem 
originem habere, ut in fibras longitudinales medullse spinalis mox 
transeant.§ 

An important addition to our means of accurately investigating 
the minute structure of the brain and spinal cord, was made more 
recently by Hannover, who first suggested the use of chromic acid, 
with which he had become acquainted through Jacobson of Copen- 
hagen. || The solution he employed contained one part of acid to 
from sixteen to twenty of water, and the portions of cord were steeped 
in it from two to four months before dissection. By this means he 

* C. G. Ehrenberg, BeobacUung einer ungekmnten Structur des Seelen- 
organs. Berlin, 1836. See also Poggendorf's Jnnalen, 1833. 
tfiVoBa Acta Leopold. 1826, Tom. xviii. p. 131. 

I Ohservationes anat. et microsc. de syst. nerv. Struetura. Berlin 1838. 
§ I. c. pp. 19; et seq. 

II A. Hannover, Die Chromsdure, ein vorxu-glicJm Mittel bei Mikroskopisehe 
Untersuchungen, in MuUer's Arch., 1840, p. 548. 
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detected the transverse fibres in the spinal cord (commissures) ia 
birds, frogs and fishes, and thought he had satisfied himself that 
the cerebral fibres took their origin from ganglionic cells* At a 
later period, in his work on this subject, he says, that by mistake 
he had formerly, ia stating that the fluid should have a Hght-yeHow 
coloui,t indicated a too concentrated solution. In this work he 
shows clearly the origin of the nerve fibres from the gangUonic cells 
in the cortical substance and gives good drawings of it.J He states 
that the fibres of the spinal cord descend perpendicularly, and curving 
at obtuse angles pass over into the roots of the nerves, the cerebral 
fibre and the nerve fibre having thus direct connection with each 
other. § The transverse fibres he describes anew, without, however, 
having been able to trace them to the periphery of the medulla. 
A few of these would sometimes appear to bend roimd into the nerve 
roots, II and portions of them do indeed pass from one to the other 
side of the cord, but no decussation takes place. Although he had 
observed them in birds, amphibious animals, and fishes, he had not 
been able to detect them plainly in any of the mammalia. Excepting 
in isolated instances in fishes, Hannover does not remember to have 
ever seen nerve fibres distinctly arising from the ganglionic cells in 
the spinal cord.lT 

The conclusions of StiUing and Wallach were quite different. These 
observers inferred that the roots of the nerves ran transversely 
between the white columns of the spinal cord and the grey matter, 
and were merely direct prolongations of the transverse fibres of the 
latter, the anterior roots decussating in the middle with the posterior 
roots from the other side of the spinal cord.** They considered that the 
will acted chiefly through the grey matter.ft In this first essay they 
stiU confounded the ganglionic cells with dilated blood-vessels ; but 
the subsequent investigations of StiUing J f axe much more complete, 
and are, in general, justly considered to be correct. In his later 
work he, indeed, describes the multi-polar ganglionic cells, but the 
connection between the nerve-roots and the spinal corpuscles, as 

* I e. p. 555. 

t A. Hannover, Becherches Microscopiques sw h Systeme Nerveux. Copen- 
hague, 1844. 

X I. c. p. 11, Figs. 1, 2, 11, 17, 22, 23. 

§ ;. c. p. 12. II I c. p. 13. H I c. pp. 16 and 19. 

** Ueher die Textur des Riickenmarks, 1842, pp. 27, et seq. 
tt i- c. p. 38. J J Ueber die Textur der Medulla Oblong. ErI., 1843. 

B 2 
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he calls them, or ganghonic cells, was still imknown to him,* although 
he suspects that they are closely connected with the motor power. + 
Although the origin of the nerve-roots from the grey substance, so 
far as it is visible under low magnifying powers, is represented with 
the greatest accuracy by Stilling in his two most valuable works,! 
his investigations were, on account of the low magnifying powers 
employed, insufficient to show the more minute connection between 
the nerve-roots and the other fibres of the meduUa oblongata ; while 
his experiments by partial transverse sections of the spinal cord 
showing that reflex movement is not prevented, and that even 
voluntary motion remains beneath the divided part,§ described 
in an earlier essay, have had much influence in suggesting the 
idea of a local cross origin and decussation of the spinal nerves. 
These experiments were instituted in consequence of some previously 
performed by our van Deen,|| and were for the most part in opposi- 
tion to the latter ; but they are scarcely capable of affording any 
certainty as to the course of the very minute fibres in so com- 
plicated an organ. 

Volkmann adopted quite another mode of showing that the nerves 
could not run uninterruptedly through the spinal cord to the 
brain. Were this the case, he argued, all the filaments which are 
distributed as nerves throughout the body, must be present in 
the upper part of the cord, and the medulla spinalis should bear 
resemblance to a cone, that is, the medullary matter or white 
columns ought to be so much thicker in the cervical portion, as 
would be necessary to enable it to contain all the nerve filaments ;1[ 
which is by no means the case. In this inference he was especially 
strengthened by his investigations on the spinal cord of a serpent 
[Crotahis mutus), in which he reckoned not fewer than two hundred 
and twenty-one pairs of nerves, whose united thickness exceeded the 
circumference of the spinal marrow at the second cervical nerve more 
than eleven times.** The nerve-roots, therefore, according to liim 

• I. c. p. 47. t I- c. p. 5. 

X Ueber die Med. Oblong., and on the Pons\FaroUi. Jena, 1846. 

§ Ueber das Biickenmark, p. 35 ; especially also in his essay, Unter- 
suchungen ueber die Functionen des Biichenmarhs. Leipz. 1842, pp. 139 and 
152, Figs. 15 and 20. 

II Van Deen, Nadere ontdekUngen over de eigenscliappenvanhet Ruggemerg. 
Leiden, 1839, pp. 27 and 61. 

t Volkmann, Nerven-Physiologie, in Wagner, Physiol. Wort. 2 B., p. 
482. ** I. c. p. 485. 
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arise in the spinal cord, and do not run directly tkroTigli to the 
brain. , 

With much sagacity he further shows, that the motor filaments at 
their origin in the spinal cord are so adapted, that every stimula- 
tion applied to them must produce a corresponding combination of 
movements (coordinated movements). Since, he says, the appli- 
cation of a stimulus to the web of the frog is sufficient to bring into 
motion aU the corresponding motor fibres, there is no doubt that 
this effect may be produced by a single cerebral fibre, penetrating to 
the point of insertion of the alHed crural motor nerves. Still less 
reason is there, he adds, to doubt, that a single cerebral fibre is 
sufficient to bring into action all the motor fibres which work 
simultaneously, as for example, the nerves of one and the same 
muscle, and which, therefore, are in all probability so arranged, as 
to be incapable of acting independently of one another.* 

"We shall hereafter see how these observations contain the 
foundation of the true explanation of the course and relation of the 
nerve-roots and the spinal cord. Had Volkmann been better 
acquainted with the relation of the ganglionic cells, their efferent 
filaments, and their connection Tvith the nerve-roots and other fibres 
of the spinal cord, he would certainly have left Httle for his suc- 
cessors to add, and it is indeed surprising that so little attention 
has since been given to the important expressions and experiments 
of this writer. But circumstanced as he then was, he could explain 
these and other phenomena only by the hypothesis of a decussating 
conduction in the spinal cord.f A little reflection wiQ, however, 
suffice to show that such a theory is incapable of satisfactorily 
accounting for the great regularity and steadiness of either the volun- 
tary motions, or of the natural phenomena of reflexion, swallowing, 
and other such like movements. 

E. Wagner went a step further by more closely examining the 
multi-polar ganghonic cells and their efferent fflaments or fibres in 
the electrical ray, and although the great harmony of action in 
this animal led him to suspect an immediate communication between 
the filaments of these cells and the nerves, he by no means succeeded 
in discovering a direct transition or connection between them.f He, 

* I. c. p. 555. 
t L c. pp. 528, et seq. 

I Wagner, Physiol. Worterb. iii. B., 1 Abth. p. 378, Tab. iii., Figs. 
42-45. 
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however, gave, according to his ideas, linear representations of the 
connection between the sensitive or rather reflex and motor nerves, 
by means of the multi-polar ganglionic cells, which would afford .a 
simple explanation of the principal phenomena.* 

Other writers, however, repudiated this opinion, and endeavoured 
to defend the old doctrine of the cerebral origin of all nerves. The 
investigations of Budge in reference to the posterior or sensitive 
roots in the frog, are remarkable in this point of view. Thus he 
found that these roots- divide into two columns, one of which im- 
mediately assumes an upward direction,t while the other penetrates 
deeply into the grey matter, and there Mes among numerous globular 
masses of ganglia, though he did not succeed in tracing its filaments 
further in the direction of the brain.J Nevertheless, he inferred that 
the latter also must necessarily repair to the brain, and, therefore, sup- 
posed that he must have destroyed them, although he expressly says, 
that in no single case was he able to trace these deeper fibres. § A re- 
markable proof, how much an idea once conceived may obstruct the 
recognition of the truth. Por these reasons, I consider this obser- 
vation of Budge, in which notwithstanding that his opinion 
conflicted therewith, he faithfully relates what he has seen, to be of 
great importance. Although it does not appear that Todd and 
Bowman have themselves made microscopical investigations, they 
infer, from physiological grounds, that the nerves terminate in the 
grey substance of the spinal cord, which is, as it were, composed of 
united segments, and of which the anterior white columns, according 
to them, serve for motion and sensation, the posterior for the coor- 
dination of motion, Thysiol. Anat., p. ii., pp. 321, et seq. Cyclop, 
of Anat. and FJiys., pp. 721, et seq. 

After I had, in the year 1847, detected a close connection 
between the peripheric distribution of the sensitive and motor 
nerves, by the discovery of the remarkable law of the course 
and distribution of sensitive nerves in the skin, namely, that 
throughout the body the sensitive branches of a mixed nerve 
run to the part of the skin which is moved by the muscles 
receiving motor filaments from the same nerve-trunk, so that, the 
action of the muscles being known, we can, according to this law, 

» I. c. pp. 398, 400. 

t Muller's ArcUv, 1844, p. 177, Tab. viii., Fig. 6, s.g, Fig. 7, a. 

X I. c. pp. ISO, et seq., Fig. 6, t, Fig. 7, b. 

§ I. V. p. 181. 
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even a priori, define the distribution of the sensitive nerves in the 
skin;* several phenomena led me to suspect that a closer central con- 

* See Tijdsehrift der Wis- en Naiuurk. Wetensch. van de Eerste Klasse van 
het Kon. Ned. Inst. 1847, pp. 44, et seg., on the connection between the sen- 
sitive and motor nerves. Although this essay '-vras also inserted in 
Froriep's Notixen, in October, 1848, it appears to have attracted but little 
attention ; since, so far as I am aware, this law of distribution has not 
been mentioned in [any subsequent works. And yet it appears to be a 
general law, applicable not only to the human subject, but also to animals, 
and therefore cannot be said to be devoid of importance ;t on this account, 
I think it not out of place, on the present occasion, briefly to explain the law 
in question, which I have announced in the following terms : that while the 
nerve gives off motor branches to the muscles, its sensitive branches run to the part 
(of the skm) which is moved by the same muscles, or, in other words, a spinal 
nerve gives its motor branches to the muscles as instruments of motion, and its 
sensitive branches to the part moved. 

A few examples may illustrate this law : the nervus perforans Casserii 
in the arm gives motor branches to the biceps and brachialis anticus, 
which bend the forearm ; its sensitive branches are distributed to the fore- 
arm itself, especially to the radial side, which is most strongly raised by 
these muscles ; the median nerve gives its first branches to the flexors of 
the fingers, its sensitive branches to the inside of the fingers, which are 
moved by these muscles ; the'ulnar nerve does the same on the ulnar side, 
and this gives, moreover, posteriorly motor branches to the ulnaris exter- 
nus and interossei externi, and also sensitive branches to the part of the 
outside of the hand and fingers moved thereby. The musculo-spiral nerve 
gives -branches to the triceps and sends hence its sensitive ramifications to 
the back of the forearm, which is extended by the muscles situated there ; 
the subsequent part of the nerve gives branches to the extensors of the 
fingers and sensitive branches to the back of the fingers which are moved 
by them. The superior lumbar nerves give branches to the psoas and 
iliacus intemus, and further on sensitive branches to the front of the thigh 
which is flexed by the psoas and iliacus internus. The same is appli- 



t Thus in Dr. J. Peyen's Essay on the Peripheric Terminations of the 
motor and sensitive fibres of the nerve-roots occurring in the brachial 
plexus of the rabbit, in Henle and Pfenffer's Zeitschrift f. rat. Med., 1853, 
IV B. 1 Th. pp. 52, et seq., -not one word is said of this law, and the investi- 
gations of the writer have not even led him on its track. He has attended 
alone to the relation of the nerve-roots to the peripheric distribution, 
and arrives at the result, that in general the same nerve-root provides 
with sensitive filaments the parts of the skin, under which lie the muscles 
innervated by it. This differs at first sight from my -law, but the latter 
concerns the several nerves where they enter the muscles, while Dr. 
Peyen has paid less attention to particular muscles, and has therefore 
arrived at less definite results. 
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nection must exist between the sensitive and motor nerves of the 
same trunk ; for these reasonsj I endeavoured to ascertain whether 
a more accurate investigation of the structure of the spinal cord 
would not enable me to trace out this connection. 

Although the result of my examination of this difficult part did 
not entirely correspond to the expectations I had formed, it appeared 
to me that my investigations were capable of elucidating most 
questions as to the structure and functions of the spinal cord, 
and I felt that any contribution to the clearing up of this uncertain 
subject (in reference to which the numerous vivisections which have 
been performed have led rather to greater perplexity than to the 
establishment of fixed truths) could not be devoid of importance. 

I communicated the results of my investigations first provisionally in 
the Eeports of the transactions of the section for Physical and Medical 

cable to the crural and sciatic nerves, with all their branches. This law is 
especially exemplified in the third and fourth cervical nerves ; these give 
branches to the sterno-cleido-mastoid, and other cervical muscles which 
move the head laterally, and at the same time branches, which turn, and 
ruiming again upwards, pass to the side of the head which is moved by 
these muscles ; yet they give also muscular branches to the levator anguli 
scapulae, and simultaneously descending sensitive filaments running over 
the shoulder and the clavicle which are drawn up by the sterno-cleido- 
mastoid and levator scapulae. To animals also, this law is strictly appli- 
cable. The reason of the law is, that we should not perceive the action 
of the muscles themselves, nor their degree of contraction, if we did so we 
should be born anatomists ; the muscles themselves receive no true sensi- 
tive nerves, but we obtain knowledge of their action through the change 
which in motion they occasion in the sensitive skin ; hence it follows that 
in losing sensation we are also deprived of a measure of motion, and can 
no longer correctly direct our movements. On the other hand, it appeared 
to me, that a moderate irritation, such as tickling or rubbing, produces a 
reflex movement in the muscles which receive motor branches from the 
same nerve-trunk ; I perceived this in paralyzed persons, and it is easily 
seen in very young children, in whom tickling the palm of the hand produces 
flexing of the fingers, and tickling the back of the hand causes extension of 
the same, so that this law is also applicable to the employment of friction 
with volatile liniments, for the purpose of exciting the action of muscles. 
Thus in a case of paralysis, I saw powerful contraction of the fingers 
overcome by friction with volatile liniment on the back of the hand, and 
in like manner the involuntarily flexed arm extended by similar frictions 
on the back of the forearm. Galvanism, however, does not accurately 
follow the distribution of the nerves, but excites the several muscles 
which are met with in the course of the current. 
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Science of the Provincial Society of Utrecht, on the 36th of June, 
1848,* and subsequently brought them more in detail, and illustrated 
by various preparations, ia the autumn of the same year, before the 
Eoyal Netherlands Institute. 

Thus by hardening the spinal cord in spirit, in the manner recom- 
mended by StiUirig, I succeeded in preparing several thin sections, 
both transverse and longitudinal, iu which, after I had got them 
sufficiently transparent, a multitude of multi-polar ganglionic cells 
became visible. In addition, I observed, especially ia the anterior 
horns of the grey substance, a network of branched filaments, con- 
necting these cells one to another, forming a very complicated inter- 
lacement. In the posterior comua, too, I met with ganglionic cells, 
though for the most part of a smaller size, which htewise appeared to 
be mutually connected by filaments. These collections of cells in the 
grey matter seemed to form several more or less coherent groups, 
from which I could in some sections trace the origin of the anterior 
nerve-roots, whence I concluded, with Volkmann and Wagner, that 
the anterior nerve-roots are not continued through the spinal cord 
to the brain, but arise from groups of multi-polar ganglionic 
cells. The posterior roots I could also, ia some cases, trace to gan- 
glionic cells of the posterior horns, which, in my opinion, are con- 
nected with the group of ganglionic cells and the anterior comua., 
while another portion of the posterior roots appeared to pass longi- 
tudinally upwards, without penetrating into the grey substance.f 
These last observations in reference to the posterior roots I did not, 
however, venture to put forward as perfectly certain, on account of the 
great difficulty of tracing and distinguishing the connecting filaments 
with sufficient accuracy. The ganglionic cells and the posterior 
parts were in general smaller, more oblong, and less ramified than 
the anterior, and generally speaking, exhibited fewer pigment 
granules. Sometimes I met also between the division of the fila- 
ments smaU, triangular, ganglionic cells, betraying themselves 
as such by enclosing a nucleus. The filaments of the larger 
ganglionic cells are often thicker than the primitive medullary 
filaments present in the spinal cord. This structure I found most 

* See these observations also translated into Swedish by J. F. Liedholm, 
in the Hygiea, Medicinsh och farmaceutisk M&nads-skrift, xi. B. 1849, Sep. 
pp. 553, et seq. 

t See Aanteekeningen in de Sectie voor Nat. en Gen., I. c. p. 8. 
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distinctly in tte lowest part of the spiaal cord, where the meduUa 
or the whitish fibres occur in smaller number; the same struc- 
ture and connection are likewise evident throughout the entire 
cord. 

Hence I thought it might be inferred, that the motor nerves 
tate their origin from groups of reciprocally-connected multi- 
polar ganghonic cells, the filaments of which are again connected 
with anterior longitudinal nerve fibres. These longitudinal anterior 
columns I regarded as conductors of the orders of our mil, the 
influence of which is diffused over a definite group of ganglionic ceUs, 
so as to excite with equal force all the nerve filaments springing 
therefrom. 

Posteriorly, it seemed to me that the sensitive roots consisted of 
nerve filaments of sensation alone, which did not penetrate into the grey 
substance, butrepaireddirectlyupwards towards the brain; and of reflex 
nerve fibres, which, penetrating into the posterior comua by means of 
the ganglionic ceUs and of their filaments, united with the groups of 
ganghonic cells constituting the source of motor nerves in the anterior 
horns of the grey substance. I inferred that these reflex filaments 
passed into several groaps of ganglionic cells and united them more 
or less with one another, so that by reflexion several ganglionic 
groups, and therefore also, several nerves and muscles are at the same 
time brought into play ; an arrangement which affords a simple 
explanation of the coordination of muscular action in reflex move- 
ment. Every ganglionic group therefore, in my opinion, possesses 
two poles, namely^ one anterior and superior derived from the brain, 
conducting the orders of our wiQ, and one posterior and inferior for 
the reflex nerves ; both voluntary and reflex action being attended 
with discharges from the ganglionic groups, while the coordination 
of the muscles is in either case preserved. 

This was, in short, the general result of my observations, which I 
had also extended to different animals, and in support of which it 
appeared to me that many arguments might be adduced. 

In the interval which has since elapsed, the minute structure and 
composition of the spinal cord have been more closely investigated 
by several distinguished writers, with, however, very different results, 
and the development of a great variety of opinions, leaving the 
subject still in much uncertainty. It is, however, gratifying to me to 
see, that by the latest investigations all the propositions wliich I put 
forward in 1848, and which were published in that year, have been 
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confirmed* Por these reasons I consider that it would not be 
unprofitable, having some time ago resumed my former investigations, 
and having discovered an entirely new and improved mode of mating 
the preparations, again to bring forward my observations, enriched and 
extended by later experiments. 

I shall first endeavour to show what other writers have brought to 
light on this important subject, so as to lay before the reader a 
synoptical view of the present state of our knowledge in reference 
to it. 

The labours of Stilling, Voltmann and Wagner, having thrown 
doubt upon the correctness of the old theory of a direct connection 
of the nerves through the spinal cord with the brain, the views of 
those observers who placed the origin of the nerves in the spinal 
cord, found a violent opponent in KoUiker, who endeavoured, by fresh 
investigations and calculations, to refute the arguments of Volkmann,t 
and to reestablish the old opinion that all nerves arise directly from 
the brain. 

That all the nerve filaments proceeding from the spinal cord 
may be comprised in its upper part, which, as we have above seen, 
VoUtmann had denied on very plausible grounds, f KoUiker en- 
deavoured to prove by fresh measurements of the thickness of the 
nerve-roots, compared with the constant increment of medullary matter 
as we proceed upwards in the cord.§ The probability of this was, 
he thought, much increased, by the greater tenuity of the nerve 
filaments ia the spinal marrow than in the nerves, which Yolkmann 
had indeed mentioned, but had not stated with any precision. || The 
powerful argument adduced by Volbnann, of the great disparity 
between the tenuity of the spinal cord and the thickness of the large 
number of nerves in the Crotalus muims, KoUiker endeavoured, without 
any further proof, to weaken and to refate by the purely hypothetical 
position, that in this serpent the medullary filaments are so much 
slighter that his calculation is stiU applicable to it.^ 

Any one, however, who is practically acquainted with the fineness 
of the medullary filaments in the spinal cord, their great number, 

* See Aanteeheningen van de Sectie-vergadering van het Prov. Utr. Gen. 
June, 1848. 

t MilcrosJc. Anat. 2 B. 1 St. pp. 425, et seq. 
X Wagner, Phys. Wort. 2 B. pp. 482, et seq. 
§ Mikrosh. Anat. 2 B. 1 Abth., pp. 431, et seq. 

II Mikrosh. Anat. I. c. p. 434. II I. c. pp. 346, et seq. 
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and the difficulty of estimating the quantity in a square Kne ; and 
who recollects the multitude of gangKonic cells which exist, with 
their efferent filaments extending into the medulla^ and bears in mind 
the various directions, both longitudinal and transverse, taken by the 
nerve filaments and grey fibres in the cord, must be at once convinced 
that such measurements and comparisons as those of KoUiker rest 
on a very uncertain basis, and really prove but little. We shall, 
in fact, see that the inaccuracy of these measurements has been sub- 
sequently established by Schilling.* 

With this main question, whether all the spinal nerves arise from 
the brain, is most intimately connected that of the use of the multi- 
polar ganglionic cells. Thus KoUiker assumes that these ganglionic 
cells are nowhere connected with the nerves; he found that the 
filaments derived from them constantly subdivide into progressively 
finer branches, so that if a connection with the nerves must take place, 
this can be the case only with the most minute ramifications.f He 
considers it to be impossible, that a prolongation of a central gan- 
glionic cell should pass as cylinder axis into the doubly outhned 
nerve fibre, although ia a late essay Wagner positively states that 
he has undoubtedly seen such to be the case. J Of this, I not only 
do not see the difficulty (as all the filaments of the ganglionic cells 
do not run out iuto such fine networks), but I have more than once 
decidedly confirmed Wagner's observation. 

KoUiker seems, however, himself to feel the difficulties of his 
views, as he subsequently says that he not only does not deny the 
origin of the nerves in the medulla, but considers it very probable ; 
but he thinks there are no direct facts to prove it.§ This sounds 
strange indeed, as the subsequent positive observation of Wa^er 
and Leuckart was known to him,|| though he denies its correctness; 
so that he can by no means prove himself wholly free- from partiality, 
as he is unwilling to admit facts observed by others, when they are 
opposed to an opinion he has once embraced. 

But KoUiker is not satisfied with denying the direct connection 
of these ganglionic cells with the nerve-roots, for neither will he 
admit their connection with one another, by means of their ramified 
filaments fH or he leaves us to suppose that if such connexions be 

* E. G. Schilling, De Med. Spin, texturd. Dorpat, 1852. 

t I. c. p. 425. 

J Gott. Gelehrt. Anzeig., 1850, Feb. No. 4, pp. 53, et scq. 

§ I. e. p. 426. II I. c. p. 425. f I c. p. 425. 
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present, they nmst occxix very rarely, as lie had never seen them.* 
In this he falls into a singular contradiction of his own physiological 
explanations of the functions of the spinal cord. Thus he says, in 
mentioning the experiments of van Deen, StilUng and Eigenbrodt, 
showing that after unilateral division of the spinal cord, voluntary 
motion is still present below the section (an observation which 
he had himseK confirmed),t that a communication of sensation 
and voluntary motion through contiguity alone cannot be admitted, 
as in that case the conduction through the medulla would not be 
limited to the course of definite fibresj — a point in which I quite 
agree with him. Subsequently, however, he again states, that the 
reflex phenomena, which take place in the grey substance, are not 
necessarily bound to the ''continuity of fibres, as they occur in very 
remote parts ;§ he thinks, that under particular circumstances, that 
is, in case of particular irritations or of an unusual disposition of the 
brain or spinal cord, there is a deviation from the regular course of 
conducting through fibres, and that in the grey substance a so-called 
cross-conduction (that is, a transference to the grey substance of the 
condition of the sensitive and motor fibres) takes place, which is then 
further communicated to other nerve filaments. || But as the reflex 
phenomena take place not only during vivisections and under 
extraordinary circumstances, but also in swallowing, coughing, 
sneezing, and a multitude of other physiological acts, we cannot 
explain them by assuming the existence of an unusual state of things. 
The accurately adjusted movements, which, for example, in swal- 
lowing, are necessary in the complex connection of the muscles, 
show that the transference of the stimulus from the sensitive to the 
motor nerves, is not performed loosely by means of an indefinite cross- 
conduction of the nervous influence, but along definite and pre- 
scribed paths, since these actions manifest themselves at all times, 
and in all individuals, in the same manner. But if KoUiker considers a 
cross-conduction in the meduUaiy fibres in the experiments of van 
Deen and StiUtng to be impossible, I do not see why he assumes 
this cross-conduction in reflex action, which he supposes to take 
place in the grey matter, and through the ganglionic cells, unless 

* Skizze einer Wissensohaftl. Reise nach Holland u. ». w. in Zeitschrift f. 
Wissensch. Zoog. iii B., 1 St. 1850, p. 85. 
t I. c. pp. 438, et seq, 

X I. c. p. 439. § I. c. p. 442. 

II I. c.p. 443. 
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it be to maintain Ms theory, that the filaments of the ganglionic 
cells are not connected mth one another, nor with the nerves. 

In order to account for the strange phenomenon, that after the 
section of one haK of the spinal marrow, neither voluntary motion 
nor reflex phenomena are impeded on the cut side, KoLiker, fol- 
lowing Arnold, brings forward the ingenious hypothesis, that the 
medullary filaments of the spiaal cord decussate only by one half, 
and that therefore a motor nerve, for example, of the right side, 
contains filaments both from the right and left side, and that 
consequently, if the right side be cut through, the parts beneath the 
section may still be voluntarily moved by the filaments of the left 
side. This he illustrates in a hnear figure.* But although it is true 
that many phenomena can be'thus accounted for, numerous difficulties 
may be brought forward against this explanation. 

In the first place, this view of the half decussating course of the 
nerve filaments in the spinal cord, affords no explanation of the 
phenomenon, that if the cord be half cut through a httle above the 
nerves of the fore or hind feet, these feet are completely paralyzed. 
Experiments proving this were performed some years ago, in my pre- 
sence, by van Deen, for the hind-foot,t and by Stilling above the fore- 
foot, with the same result, J and have been confirmed by Eigenbrodt.§ 
There is no reason why, in this instance, the opposite fibres which do 
not decussate, and are not divided, should be at the same time 
paralyzed, which, according to KoUiker's theory, ought not to be the 
case, and yet constantly takes place. 

Further, if his explanation is correct, we must admit that the 
filaments which do not decussate would appear to be unconnected 
with the side of the spinal cord through which they run, which is 
incredible. It is, indeed, well known, that after cerebral apoplexy, 
hemiplegia or paralysis of the one side exists j while on the opposite 
side — which in the spinal cord must also, according to the above 
theory, contain paralyzed filaments (those which do not decussate) — 
no trace of any lesion is discoverable. Hence it would follow that in 
paralysis of the right side, the left half of the cord should contain 

* I. c. p. 440, Fig. 131. 

t Van Deen, Nadere ontdehkingen over de eigenschappen van het Ruggemerg. 
Leiden, 1839, p. 61, experiment 47. 

X Stilling, Untersuchungen ueber die Fund. d. Riick. Leips. 1842, p. 243, 
experiment -47. 

§ Ueher die Sectionsgesetxe im Riickenmark. Giessen, 1 849, p. 50. 
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undecussated but paralyzed medullary filamentSj exercising no kind 
of influence on this left half of the cord, as nothing morbid can be 
found on that side of the body. 

We shall hereafter see how aU these phenomena may be much 
more easily explained, and I shall for the present return to the 
historical account of what has been done in^ reference to this difficult 
subject. 

Without being acquainted with the investigations of KoUiker, 
L. Clarke, of London, followed a totally different mode of making 
thin laminse of the spinal cord transparent, of which I shall here- 
after give a comparative statement, and which seems to have been 
extremely successful. He examines in several transverse sections the 
varying form of the anterior and posterior horns of the grey substance 
at different heights of the cord, the distinct course of the nerve-roots 
through the grey substance, and the gangUonic cells with their 
ramified filaments, which he illustrates with very good, and some 
even very beautiful drawings.* 

He treats at particular length of the transverse fibres, a portion 
of which run, according to him, as nerve-roots in their course from 
behind forwards, divide into fasciculi, and in the grey substance 
form a network, in which the ganglionic cells are situated. Some of 
these posterior filaments even pass, according to Clarke, into the 
anterior nerve-roots, at least the anterior and posterior nerve-roots 
are interwoven in the centre as in a network. The transverse lateral 
fibres pursue another course, and form the commissures in the centre 
of the spinal cord; many fibres from these, too, are, he states, 
connected with the anterior and posterior nerve-roots.f The pos- 
terior roots are distinguished by interlacing with larger, broader, 
and more numerous fasciculi, and form a sort of plexus, f whence 
individual bundles penetrate into the posterior horns, and spread 
throughout the gelatinous substance. Some of these penetrate into 
the commissuies, while others, in the spongy portion of the posterior 
cornua, divide to form a network, and pass into the anterior horns j 
some filaments pass over into the posterior and lateral longitudinal 
white columns. 

The anterior nerve-roots penetrate, without previously interlacing, 
into the anterior cornua, where they divide into very slender fasciculi 

* Phil. Transactions, 1851, part ii., p. 607, Plates xx — xxv. 
t I. c. p. 609, Tab. xx., Figs. 1, 2, 3, and particularly Tab. xxiii.. 
Fig. 14. X I. c. p. 606, Plate xxi.. Fig. 6 and Fig. 14. 
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and distinct filaments, which follow different directions. Some of 
these pass into the outer border of the anterior cornua and penetrate 
iato the anterior lateral columns ; while others, after having made 
their way round through the groups of ganglionic cells, run inwards 
and unite with the anterior commissures, and decussate in the latter 
with those of the other side. The remainder pass into the centre of 
the anterior horns, and are lost in the network of the ganglionic 
cells.* 

The ganglionic cells are, according to Clarke, united to one another' 
by their efferent filaments, which subdivide into very minute branches ; 
the space between the latter being occupied by an extremely fine 
network of very delicate fibres, the result of their further sub- 
division. Many of these filaments, especially those of the gangKonic 
cells, which are situated on the borders of the grey horns, run out 
between the white longitudinal columns, between which blood-vessels 
also are found. Clarke was, however, unable to decide whether these 
filaments pass into the blood-vessels.f 

That these ganglionic cells are very closely related to the nerves, 
follows, in this observer's opinion, from the remarkable fact, that, 
not only are they always found in the neighlourhood of the nerve- 
roots, hut that they increase in number in a direct ratio to the greater 
thickness of the nerves, with which they are connected.% 

Nevertheless, he states, that he has never been able to perceive 
any direct connexion between their efferent filaments and the nerves. 
The nerve filaments, according to him, surround the ganglionic cells, 
and are apparently in contact with them, but this contact does not . 
present the character of true connection. What he adds is, however, 
extremely remarkable, that it is very usual to see one or two of 
the cell filaments running outwards iato a bundle of the anterior or 
posterior nerve-roots ; and of this he gives a very satisfactory draw- 
ing, exactly as I also have found it.§ Still he does not look upon 
these filaments running into the nerve-roots, as constituting the 
origin of a nerve, because he has seen similar efferent filaments 
of the ganglionic cells running among the white longitudinal columns 
(with blood-vessels), where no nerves or nerve-roots were to be found. 
If he had traced the deeper connection of longitudinal and transverse 
fibres, and considered their functions, he would not have allowed 

* Page 617, Tab. xxiii., Fig. 14, Tab. xxv., Fig. 15. 
t I. c. p. 614. t /. c. 

§ /. c. p. 615, Tab. xxv., Fig. 15. 
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Hmself to be carried by this last observation from the true track, but 
would have recognized the origin, of nerves from the ganglionic ceUs, 
of which he gives a very good representation in the case of two 
ganglionic cells, and three filaments. 

He terminates his demonstration with some inferences, of which, 
in order to avoid repetition, I shall only observe, that according to 
him, two considerable columns of multi-polar ganglionic cells, which 
he calls the posterior vesicular columns, are intimately connected 
with the posterior nerve-roots through the entire length of the spiaal 
cord, commencing slender below, increasing very much in circum- 
ference in the lumbar and cervical tracts, and terminating in the 
medulla oblongata. That also a column of cells, whence in the 
neck the accessory nerve takes its origin, extends downwards to the 
lumbar bulb ; but that the accessory is the only nerve which 
derives its origin from this lateral vesicular column, and it extends 
its roots also to the anterior column of ganglionic cells.* He 
further observes, that everywhere, especially in the anterior comua, 
the number of ganghomc cells is directly proportionate to the thick- 
ness of the nerves.f 

KnaUy, Clarke has also stated as deductions from his observations 
on the spinal cord J : — 1. That the posterior nerve-roots are of three 
kinds, of which two, the posterior, enter the grey comua at right 
angles, while the third, under different degrees of obliquity, run 
upwards towards the brain, in the posterior columns; the roots 
of the first kind are said to bend downwards in the posterior 
horns (my "fibres of communication"), and in part to penetrate into 
the anterior white columns, where they bend upwards and downwards, 
occasionally forming loops ; those of the second kind are described as 
partly passing into commissures. 2. Clarke never saw the fibres of the 
anterior roots ascend into the anterior white columns. 3. In addi- 
tion to the transverse bundles, forming the anterior roots, we have a 
system of extraordinarily fine fibres from the anterior grey substance, 
which are lost in proportion as they approach the surface of the 
medulla spinalis (my "lateral rays") . i. Nearly aU, if not all the fibres 
composing the roots of the spinal nerves, go at once to the grey 
substance of the medulla, and if some of them ascend directly to the 
brain, they must be only those of the posterior roots, which run 
longitudinally with the posterior columns. Moreover, Clarke, as 

* I. c. Tab. XXV. Fig. 13. t i- c. p. 618. 

: Pha. Trans. 1853. Part 3, pp. 347 et seq. 
C 
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before, does not deny, that a portion of the nerve-roots is connected 
■with the ganglionic cells, but he considers this connection to be 
not yet satisfactorily estabhshed. He is also further inclined to 
believe, that the grey matter conveys no impressions from or to the 
brain. With respect to reflex action and the connection with the 
mnscular nerves, he does not offer any decided opinion, and he 
thinks that the simultaneous and sympathetic movements in remote 
and apparently unconnected systems of muscles, must be explained 
by the singular admixture of nerve-roots, which are said to diverge 
upwards and downwards in the medulla spinalis, and are there 
intimately commingled. Lastly, he also assumes, in opposition to 
KoUiker, a central canal in the spinal cord of man. 

But it is particularly from the later investigations of Eudolph 
Wagner, although Kolliker has thrown doubt upon them also, that 
the opinion which refers the origin of the nerves to the ganglionic 
globules, derives its main support. 

So early as 1850, Tolkmann stated that Leuckart, working under 
him, observed in several places the transition of filaments of the 
multi-polar ganglionic cells into genuine primitive nerve filaments, and 
also traced their connection with one another ; both these physiolo- 
gists subsequently succeeded in clearly seeing a filament from a 
multi-polar ceU, pass into a dark edged doubly-outlined brain and 
nerve filament. We may, therefore, says Wagner, infer, that from 
such a cell a prolongation is given off as cybiider axis, runs as a 
primitive fibre through the body, and finally, for the most part, 
ramifies in the periphery, and terminates in the tissues.* 

These investigations were subsequently confirmed by the researches 
of the same writer, in reference to the electrical lobes in the brain of 
the torpedo. He says, that these lobes are entirely composed of 
aggregates of very large multi-polar ganglionic cells. Prom these, 
proceed to the periphery prolongations, which are of a twofold 
nature ; some are not ramified, and pass immediately into ordinary 
doubly-outHned nerve filaments, whose cylinder axes they form. In- 
deed the doubly-outlined external edge is often wanting, as it is very 
loosely connected with the cylinder axis, and the majority of these 
prolongations constantly lose this outer margin; but, he says, we 
have undoubtedly seen fragments of this outer edge of various sizes, 
in particular prolongations, at one time close to their origin, at 
another in their further course.f In general, according to him, one, 

• Gott. Gelehrt. Anzeig. ] 850, Tab. No. 4, pp. 53 et seq. 
t Gott. Gelehrt. Anzeig. 1851, Oct., p. 190. 
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or more rarelj, two, genuine nerve filaments appear to arise from each 
ganglionic body. The remaioing prolongations, at one time branched, 
at another not ramified, serve to connect, at varying distances, the 
several ganglionic cells with one another.* KnaUy, Ecker has given 
very beautiful and conclusive representations of these preparations in 
his Icones \Physiologic(Z,^ in which not only the transition of the 
filaments of the multi-polar ganglionic cells iato primitive nerve 
filaments is visible, but also the reciprocal connection of these cells 
is distinctly shown, especially ia figures YI.,and VIII. Quite 
analogous to these electrical lobes, adds Wagner, are the nerve 
nuclei of the vagus, accessorius, hypoglosms, and trigeminus, that is, 
they consist of insular accumulations of multi-polar ganglionic cells 
in the grey substance, which send out and . take up fibres, and are 
connected with one another in a bridge form, by minute nerve 
filaments.J 

I may add, that Engel also infers from his observations, on the 
larvae of frogs, that the nerves end in the spinal cord.§ 

Blattman observed the same in full-grown frogs, and states that 
he has convinced himself that in smaller birds, fishes, and even in 
mice, the nerves terminate in the spinal marrow. |{ I doubt, how- 
ever, whether the nerve-roots cease in the cord so suddenly as he 
represents them in his drawings, without giving off some efferent 
branches.^ He acknowledges, nevertheless, that connections occur 
between nerve filaments and gangHonic cells, although he says, he 
has directed but Httle attention to this point, and that true ganglionic 
globules are rather rare in frogs.** Subsequently, he again speaks of 
numerous free nuclei of the ganglionic cells in the grey substance. 
I suspect that his mode of examining these parts must have greatly 
influenced his results. 

The investigations of G. Schilbngft are of more importance. This 
writer speaks first in detail of KoUiker's measurements, and disputes 

* I.e. 

t Ecker, Icones Physiol., 2 Heft., Taf. xv. Figs, iii., vi., vii., viii., and x. 

t I. c. p. 191. 

§ Zeitschrift der Jcais. hon. GeselUchaft der Aerate zu Wien, Nov. 1847, 
p. 113, &c. Of this I am aware only from quotations, and have had no 
opportunity of consulting the original. 

II Blattman, Mihrosk. Anatom. DarsteUung der Centralorgan des Nerven- 
systems, 1850, p. 46. 

t I. c. pp. 46 et seq, and p. 53, Figs. 1 and 2. * ** I. c. p. 18. 

tt De MedulltB Spinal, textura ratione inprimis ha^ta originis cerebralis 
nervorum spinalium, Dorpat, 1852. C 2 
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their correctness and that of the results derived from them. He 
indeed acknowledges, that ia the cervical portion of the spinal cord 
the thickness of the medullary substance is greater than in the dorsal, 
and that here it is greater than in the lumbar portion, but this does 
not proceed regularly ; there are two places above the cervical and 
above the lumbar portion, where the medullary substance is invariably 
more slender than in the parts beneath.* The drawings of the 
transverse sections of the spinal cordby KoUikerf he designates, and 
mmy opinion with justice, as incorrect. J 

Besides, there is an increase in the anterior and posterior, but not 
so much in the lateral columns, which, however, contain most me- 
dullary matter. § Moreover the limits of the grey and medullary 
matter are not very well defined, even under the microscope, as the 
grey substance sends efferent branches on all sides into the latter, and 
through this numerous transverse nerve fibres run, increasing its 
thickness. II Lastly, all the longitudinal filaments of the medullary 
substance are not equally slight, as KoUiker had calculated ; SchiUing 
met some thicker than the nerve fibres themselves, and the propor- 
tion between these thick and slight filapients cannot be ascertained ; 
whence this author infers, that what KoUiker brings forward on these 
grounds against Volkmann, is of no weight.^ 

With respect to the nerve-roots, he says, in opposition to Clarke's 
observation, that he never saw the fibres of the anterior nerve-roots, 
after they have entered into the cornua of the grey substance, pass 
into the commissures, or penetrate into the fibres of the posterior 
horns, or as KoUiker asserts, run in an arched form into the white 
columns. In some cases, he distinctly saw the nerve filament from 
the anterior root enter into a ganglionic ceU, the lines of the nerve 
filament passing into the Hues of the filament from the cell ; in one 
case this transition was so evident, that no doubt could exist as to 
the direct connection, a circumstance which he observed with the 
more care, as it was of the greatest importance in reference to the 
origin of the nerves.** In longitudinal sections, too, he never saw 
the roots of the nerve filaments pass the boundaries of the ganglionic 
ceUs, but sometimes he observed a nerve-root arise from a ganglionic 
ceU.tt 

Among the longitudinal white columns he found fibres, which, 

* /. c. pp. 9 et seq. f Mikrosh Anat. p. 431. 

X De Mad. Spin. text. p. 10. § /. c. p. 11. 1| I. c. p. 12. 

t I. V. p. 54. •• I. c. p. 29. tt I c. Tab. ii., Fig. 5, b, c. 
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arising from the grey matter, or even from the ganglionic cells and 
curving upwards, ran as white medullary filaments to the brain;* 
the posterior nerve-roots he observed, however, passing in part into 
the longitudinal white columns.f 

Lastly, and this is of importance, he says, that the longitudinal 
fibres, at least the anterior and middle or lateral columns, arise from 
the grey matter, and in fact from the ganglionic cells, while from 
the same ganglionic cells the roots of the nerves also take their 
origin, and thus both are connected by means of these cells. { Thus 
also, according to him, the volume of the grey substance corresponds 
to that of the nerve-roots, and the thickness of the latter again 
accords with the increase of the longitudinal fibres, which convey 
the cerebral power into the nerves, and the nervous power to the 
brain ; all which quite agrees with what I brought before the sectional 
meetings in 1848, but which was unknown to this writer. In con- 
clusion, he says : — 

, 1. That the longitudinal medullary fibres of the spinal cord 
steadily increase in number from below upwards. 

2. That these longitudinal fibres take their origin from the grey 
substance, and at least in part, from the gangHonic cells. 

3. That the number of the long fibres, as well as the number of 
the fibres passing into a nerve filament, increases from the inferior 
portion of the spinal cord in the same ratio as the grey substance 
increases in circumference. 

4. The fibres of the anterior nerve-roots arise from the anterior 
horns of the grey substance, and in fact from the ganglionic cells. 

5. The greater part of the posterior roots passes probably into the 
longitudiaal fibres which are present in the posterior horns. 

6. The grey matter contains no proper fibres but those which 
arise from the commissures. 

7. The anterior commissure also consists of grey matter. 

This last was described by KoUiker, and most writers, as a white 
commissure. I formerly believed with Schilling that these com- 
missures consisted of grey matter, but my later investigations have 
convinced me of the correctness of Kolhker's opinion. 

Lastly, these results are still further confirmed by the iavestiga- 
tions of Gratiolet.§ This writer differs from Schilling, in considering 

* I. c. p. 33, Tab. ii., Fig. 5, d. ■[ I. c. p. 40. 

I. c. p. 55. 
§ Structure de la Matiere epiniire ia I'Institut. 1 851 Aoiit, pp. 272 et seq. 
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the anterior commissure as consisting of white medullary fibres. 
Gratiolet describes the multi-polar ganglionic cells as not uniformly 
disseminated through the anterior horns of the grey substance, but 
as being accumulated in different groups, especially in the neigh- 
bourhood of the white fasciculi. In the expanded portions of the 
spinal cord these groups are larger than in the narrower parts, they 
are also of greater size in large than ia smaller animals. According 
to this writer, they are connected with one another, and are not 
isolated; their radiations or filaments divide and subdivide, forming 
a great plexus with irregular meshes, observable, with especial dis- 
tinctness, in the Euminantia. These meshes are elongated in the 
neighbourhood of the white bundles ; they are more rounded off in 
the middle of the grey substance ; they are largest and most numerous 
in the lumbar bulb. 

Besides these very distinct connections, uniting the multi-polar 
ganglionic cells into a system, we can, on accurate examination, 
trace a great number of nerve filaments into them, and demonstrate 
the continuity of some fibres of the anterior nerve-roots with definite 
prolongations of the cells. The latter are, therefore, in connection on 
the one side with the anterior and middle columns of the spinal cord, 
and on the other with the roots of the anterior or motor nerves. 
Gratiolet adds, that these facts have been observed by him with the 
greatest accuracy, and have been fully established. 

He was less fortunate in his attempts to discover a connection 
between the posterior roots and the grey substance. In longitudinal 
sections, the fibres of the posterior roots are seen to bend into the 
posterior longitudinal columns, which appear to be in great part 
composed of these roots. Prom the anterior fasciculi of the roots 
some fibres proceed to the posterior grey commissure, others pass 
into the spongy substance, where they form little bundles, giving a 
striated appearance to the gelatinous substance. Notwithstanding 
all his endeavours, Gratiolet did not succeed in tracing a connection 
between these fibres and the ganglionic cells, although he suspects 
the existence of such a connection. 

The radii of the gangHonic cells, the filaments of the anterior 
nerve-roots,' and the fasciculi of the posterior roots, form, in the 
anterior cornua, a tissue which cannot be unravelled, and which is 
still further increased by the accession of a great number of fibres of 
the anterior nerve-roots, and of the middle fasciculi, which pass from 
the one side of the spinal cord to the other in the anterior horns 
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fcommisswa anterior). The fibres, however, of the anterior nerve- 
roots appear, according to this writer, not to pass directly into this 
commissure. 

The same author further considers it to be established, that the 
grey centres on either side are connected with one another, but that 
the nerve-roots which repair to them do not decussate with those of 
the opposite side; the fibres decussating here, he thinks, belong to 
the longitudinal fibres going to the brain. 

Since 1848, 1 carried my investigations on the minute structure 
of the spinal cord still further, and laid their results before the 
Dutch Academy of Sciences. This took place on the 24th of 
December, 1853. The communication was, however, not read until the 
subsequent meeting on the 27th of January, 1854. The essay was 
first printed in the second volume of the "Transactions of the 
Academy," and is at preseat being translated into German by Pro- 
fessor TheiLe, of Weimar, with some additional observations by myself. 
But this historic sketch requires that I should briefly mention what 
has been done on this subject since I brought forward the essay in 
question. 

To begin, — ^two essays by Eudolph Wagner demand attention ; 
the first of which was published in the number of the Gotimger 
Gelehrt. Anzeigen for the 30th of January, 1854, the second in the 
following number, of the 6th of March. These essays present in 
many parts a striking agreement with my statements, not only in 
reference to the facts observed by me, but even with respect to many 
of my physiological theories. Of course, I have not the most remote 
suspicion that Wagner was acquainted with my former announce- 
ments in the "Transactions of the Utrecht Society," for 1848 ; but I 
think that, in this striking agreement with my statements, we have 
a convincing proof of their truth. 

In his first essay of the 30th January, 1854, On the Mementa/ry 
Organization of the Brain, Wagner correctly regards primitive fibres 
and ganglionic cells as the essential parts of the brain and spinal 
cord, and arrives at the following conclusion : — " The brain and 
spinal cord are nothing els& than massive accimiulations of primi- 
tive fibres, and multi-polar gangliomc cells. Combinations of 
primitive fibres do not occur except through the interposition of 
ganglionic cells. Consequently, aU transferences from one primitive 
fibre to another take place by anatomically demonstrable paths. 
Grey substance and its actions on the nerve-fibres are the indistinct 
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expression of what is quite distinct : multi-polar ganglionic cells 
connected with primitive fibres. All phenomena of innervation 
depend on combinations with one another, and with central and 
peripheric nerve paths, of individual ganglionic cells and larger 
aggregates of the same, as special seats of innervation of various 
physiological importance. It is not necessary to assume the existence 
of a transference from fibre to fibre in the sense, perhaps, of the so- 
called paradoxical spasmj such a transference is, for many reasons, 
on which it is not requisite at present to enter, highly improbable ; 
it could have only a disturbing action in the course of physiological 
phenomena."* 

With respect to the structure of the spinal cord, Wagner states 
his ideas only briefly. In considering the posterior roots this writer 
assumes, just as I have stated : — 

1. Purely sensitive fibres, which, without being connected with 
ganglionic cells, pass upwards towards the brain and there excite 
sensation. 

2. He assumes a second class of purely sensitive fibres, which are 
said to unite with the ganghonic cells in the posterior comua, and 
are connected with the httle multi-polar ganglionic cells also described 
by me as existing in these horns, whence again fibres are said to 
ascend longitudiaaUy towards the brain, while others as commissural 
fibres pass behind the canal into the ganglionic cells of the opposite 
posterior horn. This canal, too, according to Wagner, is open, and 
is not a solid column of ganghonic cells, as is very incorrectly stated 
by KoUiker. 

PinaUy, a third, and indeed a very considerable portion of the 
posterior radical fibres serve not for sensation, but proceed towards 
the great multi-polar ganglionic cells, whence the anterior motor 
fibres take their origin. 

In Wagner's second essay, published in March, 1854,t On the 
Structure of the Spmal Cord, and the fovMdation thence deduciUefor 
a theory of reflex movements, of coordinated movements, and of co- 
ordinated sensations, the writer enters rather upon a defence of 
proper reflex nerves, into which I shall not foUow him, as I elsewhere 
consider the principal proofs of their existence. But the author 
returns once more to the connection between the reflex nerves in the 
posterior comua, and the motor ganghonic cells in the anterior horns, 

• G'att. Gelehrt. Anxeig., 30th Jan. 1854, pp. 35 et seq. 
t Gbtt. Gelehrt, Anzeigen, 1854. March No. 6. 
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and says that he has again examined this connection, the spinal 
marrow having been previously hardened in chromic acid, but that 
he has not arrived at any certain conclusion. He himself declares : 
" But I am still doubtful whether the fibres which distinctly pass 
from the posterior cornua of the grey substance to the large gangli- 
onic cells of the anterior horns, are previously connected in the 
posterior horns with ganglionic cells, whence grey commissural fibres 
first repair to the motor gangHonic cells of the anterior cornua."* 
He also describes the ganglia in the middle towards the posterior 
spinal sulcus, as smaller, and with few rays, just as I too have found 
them. It appears to me, however, extremely improbable that, as 
Wagner stated in his first essay, proper sensitive nerves should also 
pass into these gangHa ; some filaments going to the brain for sensa- 
tion, and others from the same ganglia, as refiex filaments, to the 
anterior cornua. I doubt very much that a purely sensitive nerve 
can at the same time be a refiex nerve for motion ; it would from 
this very circumstance lose its character as a sensitive nerve, and the 
reception of proper refiex nerves would become superfiuous. Nor are 
any fresh principles brought forward by the author for the ex- 
planation of coordinated movements, to which the actions of the 
oculo -motor nerve are referred, and of coordinated sensation. 
These appear to me, as elsewhere observed, to take place higher in 
the brain, or in the medulla oblongata. 

Eemak likewise, at the same time, added a contribution to our 
knowledge of the structure of the spiaal cord,t in which he describes 
some preparations of transverse and longitudinal sections in man, 
.and in the cow, made by Stilling, and sent to him two years before. 
E/cmak says that in these he can perceive the passage of the motor- 
roots into the anterior ganglionic cells ; moreover, he finds in trans- 
verse sections, slender fasciculi of the dark-edged nerve filaments, 
which appear to establish a connection between the anterior and 
posterior roots. He describes also, as it appears to me, the circular 
marginal fibres, which I have represented, and the gangHonic cells 
in the gelatinous substance, whence, according to Remak, an elon- 

* I. c. p. 97. Altbougt the extraordinary minuteness of the course of 
the fibres in the posterior cornua, and the difficulty of tracing it, renders 
it hard to arrive at perfect certainty on this subject, I believe that in my 
description, which I have put forward and illustrated, I have, as nearly as is 
possible in so fine a tissue, decided this question in favour of the latter view. 

t See Monatsberichte der K. Acad. derWissenschafien xu Berlin. Jan. 1854. 
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gated filament accompanies the sensitive roots; wMLe the greater 
mass of these sensitive roots (my reflex fi^bres) radiate ia broad dense 
bundles through the gelatinous substance into the posterior grey 
columns and into the sphere of the large multi-polar ganglionic 
cells (consequently into the anterior cornua). It would, therefore, 
appear, that neither has Eemak clearly seen this direct connection ; 
while in other respects his description agrees tolerably weU. with 
mine. Still, however, he observes, that the circular marginal fibres 
appear to indicate the paths by which in decapitated animals stimu- 
lation of sensitive nerves occasions reflex movements ; we have seen, 
that in the anterior cornua, these marginal fibres serve to take up 
the longitudinal columns through the lateral rays, and to convey 
them to the great multi-polar motor cells. ■ 

It is of importance that Eemak has discovered multi-polar ceUs 
also in the sympathetic, which I have recently seen very beautifully 
in the lumbar ganglia of that nerve, and which appear to me to be 
present in all its ganglia, so that I can confirm this discovery. 

Schiff has also instituted investigations of the spinal cord, consist- 
ing chiefly of vivisections, whence he thinks it may be inferred that 
the grey substance is insensible, even in the posterior cornua, but 
that it possesses fibres, which conduct the received impression to the 
brain and excite sensation, without beiag themselves sensitive. These 
he proposes to distinguish by the strange name of sesthesodic 
fibres, from motor fibres, which he denominates kiaesodic fibres.* 
It clearly appears, however, frpm the entire essay, that Schiff has 
invariably confounded reflex phenomena with sensation or perception, 
and has fallen into the error of so many writers, who regard shriek- 
ing as an invariable proof of sensation, whereas I have shown that it 
may also take place without perception. But the fact established by 
his experiments, that if we cut transversely through the spinal cord, 
and then prick the grey substance with a needle, no pain is excited, 
as has been already observed by other writers, appears to me to be 
important, and confirmatory of what I have advanced in reference 
to this point.t 

Still more important, in my opinion, are the investigations in 
which he endeavoured, by numerous vivisections, to prove, that the 
anterior columns of the spinal cord possess motor fibres for the ex- 

* Comptes rendm, 22nd May, 1854, pp. 924 et seq. 
t I- c. p. 929. 
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treniities, and the lateral columns fibres for the movement of the trunk, 
that is, of the thorax and abdomen. The organic filaments for the 
stomach and intestines are referred by him to the anterior columns, 
and on cutting through the latter, red spots, mergiag even into dark 
brown, with separation of the mucous membrane, appeared in the 
stomach. But the experiments in which the lateral columns in dogs 
were cut through on the one side, are extremely remarkable. These 
animals Schiff was able to keep alive from six to ten weeks, the 
paralysis which first occurred rapidly disappearing, so that the dogs 
completely recovered, and ran upon four feet; while, however, -all 
motion of the ribs and of the abdomen, as weU. as respiration, had 
ceased on the injured side.* 

If with this we connect the opinion of Clarke, who, as I have 
above stated,t believes he has ascertained, that through the entire 
spinal marrow a column of ganglionic cells is present at the sides, 
from the upper part of which the accessory nerve springs, the view 
advanced by Schiff acquires great probability, and deserves closer 
examination. 

Further, since the first appearance of my essay, three special works 
on the Spinal Cord have been published, in which the propositions 
and statements put forward by me, have been in general confirmed ; 
viz. : — J. van Lenhossek's N^eue Untersuchungen ueher den feineren 
Bau des eentralen Nervensy stems des Menscken. Wien, 1855. P. 
Bidder und C. Kupffer, Untersuchungen ueher die Textur des Riick- 
enmarhs. Leipzig, 1857 ; and the great work of B. StiUing, Neiie 
Untersuchungen ueber den Bau des RiieJcenmarks, 3 Lieferungen, 
1856, with Atlas. In general, by far the greater number of my 
results have been confirmed by these writers. The work of Lenhossek 
is purely anatomical ; he has shown that the course of the nerve- 
roots is not horizontal, but that it is directed obKquely upwards in 
the spinal cord j I have seen this estabhshedin his own preparations. 
Other fibres which he represents in his work as descending obliquely, 
although the drawings of them are more Hnear (Plate III. Kg. 1, 
letters e, e, e), appeared to me to be connective tissue, accompanied 
with blood-vessels; possibly they may also be the roots of the 
sympathetic nerve. The mode in which Lenhossek makes his pre- 

* Vierordt, Archiv fiir Physiolog. Heilkunde, 13 Jahrg. 1 Heft. 1854, pp. 
30 et seg. 
t See p. 17. 
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parations renders ttem clear indeed, but not adapted for the easy 
distinguishing of the primitive fibres ; he follows Clarke's method 
with turpentine, which, according to my experience, cannot lead to 
correct results, as the spinal marrow is too much altered by that 
agent. 

The work of Bidder and Kupffer differs stiU. more in many principal 
points ; chiefly in consequence of the peculiar ideas of the writers, 
that the greater part of the grey substance, a portion of the white 
medullary matter, the entire posterior commissure, and a part of the 
anterior commissure, consist of connective tissue, and not of nerve 
filaments. I cannot at all coincide ia this view ; besides the unphy- 
siological nature of the idea, it may suffice to observe that connective 
tissue always contracts strongly when it is laid in a saturated solution 
of chloride of calcium, in consequence of which the pia mater curls 
up, from the loss of water ; this is, however, not the case with the 
parts of the spiaal marrow in question, the blood-vessels alone are ac- 
companied by a little connective tissue. Moreover, coimective tissue 
long resists putrefaction, while everyone knows how rapidly the spiaal 
marrow after death becomes soft, and almost fluidifies. 

In other respects. Bidder confirms nearly all my observations. 

StiUiug's work is uncommonly copious, three tolerably thick quarto 
volumes have appeared, and stiU it is not completed. It contaias 
many observations and measurements, and a very complete history ; 
but is also purely anatomical. Stilling too, corroborates pretty 
closely all my remarks. 
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CHAPTER II. 

ON THE METHODS OF INVESTIGATION. 

If we inquire why, in the important study of the Spiaal Cord, so 
many distinguished authors and able microscopists have arrived at 
such opposite conclusions, the reason appears to me to consist, in 
general, not merely in the great difficulty of obtaining suitable objects 
for microscopic examination, to which I have already alluded in the In- 
troduction, but also in the variety of the modes employed by different 
authors to render the objects transparent and fitted for microscopic 
investigation. 

StiUing endeavoured to obtain the degree of hardness necessary 
for making fine sections of the spinal cord, by placing the part in 
spirits of wine ; for this purpose he employed tolerably strong alcohol. 
I have followed the same mode of operating, but experience has taught 
me that ordinary spirit, the specific gravity of which ranges between 
903° and 917 °, is better than stronger; the spinal cord is, indeed, more 
rapidly hardened by the latter , but the tissue is also more quietly 
changed, as the fat is extracted by the strong spirit, is deposited as 
irregular globules or in the granular form between the fibres, and 
finally collects in larger masses, rendering the medulla quite un- 
fitted for minute examination ; in weaker spirit, the change ensues 
much more slowly, and a hardened portion can be used for a much 
longer time. 

KoEiker, following the mode proposed by Hannover, has strongly 
recommended chromic acid, by which a considerable degree of hard- 
ening is obtained, and he subsequently clears the medulla, which 
has been rendered very opaque by the acid, with a diluted solution 
of caustic soda,* a plan which has found pretty general accept- 
ance. I also have tried this method, but cannot join iu the great 
praise which KolHker gives it. It is true we can prepare fine sections, 
and make them transparent with a solution of soda, but in general 
the. object becomes too uniformly transparent, and we cannot satis- 
* Mikrosk. Anat., II Th., I Abth., p. 424. 
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factorily trace the fflaments, especially those of the ganglionic cellsj 
which are rendered invisible, — a defect made manifest by comparison 
with alcoholic preparations. 

Schilling, too, complains that preparations treated with chromic 
acid are little adapted for the observation of these filaments,* and it 
has struck me very forcibly, that in his beautiful drawings. Tab. I. 
and II. Kgs. 1 and 2, the ganglionic cells are everywhere represented 
without efferent filaments ; although he has beautifully shown the 
nerve-roots. I suspect, too, that this is the principal reason why an 
observer, otherwise so accurate as KoUiker, — ^who may be classed 
among the first microscopists, and whose observations are generally 
highly characterized by correctness, — so completely differs on this 
point from later writers. 

Clarke has adopted a totally different method in his preparations ; 
he recommends that, after hardening in spirit, they shall be moistened 
on a glass with a mixture of three parts of spirit and one of acetic 
acid, which renders the grey matter more transparent. According 
to a second plan, he lets the thia section first macerate for one or 
two hours in the mixture of acetic acid and spirit, and then lie again 
for the same time in pure spirit ; he next places it in turpentine, 
which expels the spirit in the form of dark drops, and quickly makes 
the section perfectly transparent. He afterwards immerses the latter 
in Canada balsam and covers it with a glass.f This plan did not 
succeed well with me ; the preparation became only partially clear, 
and the ganghonic cells, from which the fat seemed to be removed, 
were rendered indistinct. 

Wagner recommends a solution of sublimate. 

When I next attempted to solve this difficult problem, I endea- 
voured to discover a method which should possess, in an increased 
degree, all the advantages of the former plans, without their disad- 
vantages; after trying several saline solutions, acids, alkalies, and 
also glycerine, I had at last the good fortune to discover a mode of 
preparing these objects for the microscope, which, according to my 
experience, deserves to be preferred to all the others. 

The spinal cord, divided into portions not too large, is first to be 
hardened in spirit, and so soon as it is sufficiently hard' (for the 
shorter time it has lain in spirit the more distinct will the prepara- 

* I. c. pp. 56 et seq. 

t Phil. Trans. 1851, Part 2, pp. 607, et seq. 
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tions be), fine sections are to be made,* one of wbicb is placed with 
a little distilled water on glass and covered with a thin plate of the 
same material. The two projecting edges of the latter are next to 
be very gently and alternately pressed, so as to force the water 
between the fibres of the section. The water very quickly becomes 
mUky, and is to be washed away by constantly dropping a fresh supply 
at the edge of the covering glass, the alternate pressure being at the 
same time repeated, until the washiugs cease to be milty. Care 
should be taken to prevent the pressure being sufficient to alter the 
form of the object, as in that case, the motion communicated to the 
covering glass would tear the medulla, and the connection of the 
parts would be broken up by the water passing through it. In this 
manner, with some caution, we easily succeed in washing away the 
fat granules and loosened portions which interfere ivith the clearness 
of the object. 

The same end may also be attained by placing the section for some 
moments in ether on a watch glass ; but if it be allowed to remain 
too long in the ether, for example, more than half an hour, the 
ganglionic cells become invisible, in consequence of the disappearance 
of the granular fat. I have always found washing with water satis- 
factory. By applying a good deal of water at the edge of the covering 
glass, and holding the glass obliquely, the covering glass glides, of 
its own accord, off the object, without injuring the latter. The sur- 
rounding water is now wiped away, and a couple of drops of con- 
centrated solution of chloride of calcium are brought by means of a 
glass rod upon the section, which is to be covered with the thin 
plate of glass ; the latter is to be gently pressed and allowed to stand ; 
after half an hour, or even sooner, it wiU be seen that the object is 
beginning to become transparent. After the lapse of eight or ten 
days the object will be extremely transparent, and all the fibres Avill 
be distinctly visible with sharp edges, a very great advantage being, 
that the minute capillary vessels become more distinctly visible and 
distinguishable from the nerve filaments. The fat, which is still 
present, sometimes begins to collect, here and there, into small 
granules, and to render some parts less clear, especiaRy if the object 

* For this purpose I make use of a broad sharp razor, supported on the 
forefinger of the left hand, by which the direction of the cut can be very 
accurately guided. It is of importance to moisten the upper surface of 
the instrument with spirit, otherwise the thin section adheres to the 
razor, and is torn. ' 
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lias not in the first instance been sufficiently washed with water. If 
this is the case, solution of chloride of calcium is again to be 
applied to the edge of the covering glass, which takes it up, is 
loosened by the solution, and is now easily pushed off; the object is 
then washed on the glass with solution of chloride of calcium, covered 
as before, and allowed to remain for some days, after which the edges 
are luted. 

A solution of chloride of magnesium also makes the sections clear, 
but does not produce this effect so quickly ; subsequently, however, 
the fibres become exceedingly clear, although occasionally crystals 
form in them, and must be washed away. On the whole, I give the 
preference to the preparations with chloride of calcium, as presenting 
the greater degree of clearness. 

A very great advantage of both methods is, that the objects need 
not be inmiediately luted, for as solutions of chloride of calcium, and 
also, but in a less degree, of chloride of magnesium, constantly 
attract moisture from the atmosphere, the preparations do not dry ; 
we may therefore prepare a gi-eat number of objects, and subsequently, 
select and lute the most beautiful with asphalt for preservation, while, 
for the same reason, the preparations never spoil, as the chloride of 
calcium does not dissipate. These preparations are therefore per- 
manent, the filaments of the ganglionic cells and of the nerves are 
also very well shown ; not only does the grey substance become clear, 
but the medullary matter exhibits its tissue clearly and distinctly.* 
Objects hardened in chromic acid acquire the same clearness by 
chloride of calcium, but subsequently small crystals form in them, 
and the ganghonic cells and their filaments are not so beautifully 
seen as in the objects hardened in spirit, although the nerve filaments 
are very beautifully visible. We may also subsequently try to wash 
off the crystals. 

Placed by this means in a position to examine with greater clear- 
ness and certainty the minute structure of the spinal cord, and, if 
possible, to unravel nature's skiLfuHy constructed tissue, I have once 
more, with the greatest care, repeated much of my former investiga- 
tion, paying especial attention to those points in reference to which 
I was more or less in doubt. 

* It appears that a concentrated solution of cUoride of calcium with- 
draws from the nerve filaments and grey substance a portion of the water, 
and so produces the great transparency of these parts. We must, how- 



GERLACH'S PROCESS. 33 

It is now gratifying to me to be able to state, that I have not been 
obliged to withdraw anything which I before put forward, either as 
fully ascertained, or as stOl liable to some doubt; on the contrary, the 
results of my former investigations have been confirmed, and have 
received the support of some additional facts. 

In order to see the ganglionic cells, their connexions, and the nerves 
arising from them, I can, however, finally, above aU recommend, with 
some modification, a method proposed by Gr«rla«h, which consists in 
colouring these parts by means of carmine. After some trials, I 
find that the following mode of making preparations is the most 
satisfactory, and it is in many respects still better than that with chlo- 
ride of calcium. The spiaal cord (and best that of a calf) is hardened 
for two or three days in spirit of from 849° to 872°, a very fine 
section is made and placed in a watch-glass with a saturated solution 
of pure carmine in water, and one or two drops of caustic ammonia ; 
in this I do not allow the object to remain more than four or five 
seconds. The object, after being again placed in spirit, in order to 
wash off any redundancy, is laid upon a glass and allowed to dry a little, 
after which a couple of drops of spirit of turpentine are added. If 
it is now left for twenty-four or forty-eight hours, without a covering- 
glass, but protected from the dust, the spirit evaporates, the object 
becomes perfectly clear, and aU the cylinder-axes and ganglionic 
cells are seen coloured red, but not the outer walls of the nerve tubes, 
which remain white; the blood-vessels and connective tissue also 
become coloured. The object is now covered with Canada balsam 
and a glass — Gerlach uses a dilute solution of carmine, and lets the 
object He in it for twenty-four hours, but the colouring is then less 
sharply defined,* 

ever, bear in mind, that if we allow the object to remain long in a solution 
of chloride of calcium without a covering glass, it will shrivel up. 

* This paragraph, which does not appear in the original, is among the 
additional matter kindly sent me by the author for this edition of his 
work. The following note, which I have since received from him, is, how- 
ever, still more recent. — Translator. 

" I now follow Gerlach's method of colouring preparations of the nerves 
(which at first did not succeed well with me), by placing the sections in a 
very dilute solution of carmine in spirit, and allowing them to remain in 
it from twelve to twenty-four hours. Formerly I was in the habit of laying 
them in a watery solution of carmine and ammonia, by which mode I ob- 
tained less beautiful preparations. I now add spirit to a few drops of a 
strong solution of carmine and ammonia, until it acquires a light rose 
colour, which I prefer." 

D 
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CHAPTER III. 

ON THE STEUCTTIEE OF THE SPINAL COED. 

Having above quoted all tliat is stated on the subject by other 
writers, I shall not now enter upon a detailed description of the 
structure of the spiaal cord ; but shall content myself with recording 
the principal facts I have myseK observed. 

In the first place, I have demonstrated beyond all doubt, the 
mutual connexion of the multi-polar ganglionic cells, by means 
of their connective filaments, iu a considerable number of prepara- 
tions, an inspection of which wiU, I think, be sufRcient to convince 
the most iacredulous. The subject is, however, not free from sources 
of fallacy; thus, iu the grey substance, especially in the seat of these 
gangHonic cells, a very large number of extremely fine capillary 
blood-vessels are to be seen forming a most complicated network, 
and running round these cells, while their branches often very de- 
ceptively assume the appearance of passing into the latter. But it 
is a peculiar and not unimportant advantage possessed by a solution 
of chloride of calcium, that under its use the walls of the capillary 
vessels are distinguished from the filaments of the ganglionic cells by 
a particularly strongly-marked edge. My former preparations, 
which were kept in a dilute solution of aisenious acid, have 
occasionally misled me in this respect, although in these too 
the true connexion is plainly visible. Sometimes, two ganglionic 
cells near one another are connected by a tolerably thick filament j* 
almost always the connexion is visible, either between the adjoining, 
or between more remote gangHonic cells, t for, not unfrequently, a 

• See Fig. 1 a a', magnified one hundred times. I greatly prefer in 
general, but especially in these complicated tissues, a moderate magnifying 
power ; at eighty or one hundred diameters we not only see the fibres better 
defined, but the larger field thus obtained exhibits the connexions more 
distinctly. It is only as an auxiliary and as a means of comparison that 
I make use of greater magnifying powers. 

t Fig. lie. 



EXPLANATION OF PLATE I. 

All the figures illustrating the Essay on the Spiaal Cord are magnified 
one hundred times, except figure 5 and figure 8, which are magnified 
about sixty times, and figure 12, which is magnified ten times. 

Fig. 1 . Part of a Group of Ganglionic Cells from the Anterior Horn 
of the Lumbar Portion of the Spinal Cord of a Cow, in which the 
numerous filaments of communication, whereby these cells are connected 
with one another, are visible, page 35. 

a a'. Two ganglionic cells, connected by short filaments ; some communicating fila- 
ments are longer, as between d, e ; others run over a ganglionic cell as a ', e ; others 
appear to be connected by more than one filament, a, d. 

Fig. 2. A similar group of Ganglionic Cells, page 35. 
a, h. Longer communicating filament. 

Fig. 3. Transverse Section of a Portion of the Anterior Horn of Grey 
Matter, into which some Nerve- roots enter, page 38. 

a. Grey matter of the anterior horn, in which are several multi-polar cells, connected 
"with one another by a network of communicating filaments. Among these, blood- 
vessels also run, of which two are shown at a a ; from the cells several filaments are 
seen at 5, 6, i, i, to pass into the nerve-roots. 

Fig. 4. Longitudinal Section along the entrance of the Nerve-roots 
into the Anterior Horn, and origin of the Motor Nerves, page 39. 

a a. Longitudinal filaments of the anterior medullary columns. 

1, 1'. Two nerve-fibres, running into on| cell and appearing to pass into two different 
bundles. 

2. Two other nerve-fibres from the one side derived from one cell. 

3, i. Two nerve-fibres, passing obliquely under the others into the cell 4. 

6, 6. Other cells, from which nerve-fibres issue, 

7, Nerve-fibres, which are lost in the more deeply-situated part of the horn. 

8, 9. Communicating filaments between different cells, as they form themselves into 

groups. 



[To face page 85. 
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MUTUAL, CONNEXION OF THE GANGLIONIC CELLS. 35 

connecting filament runs over the next ganglionic cell without being 
connected -with itj in order to unite with a more distant cell ;* some- 
times the ceUs are connected by more than one filament.f But it is 
not possible to trace all the filaments : many are cut off, and a 
multitude of slender filaments of the most extreme delicacy appear 
in the meshes of the network, which cannot be further traced. J 
Both Kgures 1 and 3 represent longitudinal sections through the 
anterior comua. The relations in question are best seen in the lumbar 
bulb of the spinal cord of a cow, these groups of ganglionic cells 
being most distinct in large animals, while the number of the cells is in 
this particular portion of the spinal column greatest, the physiolo- 
gical reasons for which I shall subsequently endeavour to give. 

I observed this connexion distinctly also in several transverse 
sections. 

These ganglionic cells are most numerous in the anterior horns 
(as has been correctly remarked by most writers), and particularly at 
the entrance of the nerves. They also exist with their filaments 
in great numbers in the centre of the horns ; there is, however, some 
diversity in this respect; in the lumbar and cervical bulbs the an- 
terior horns of the grey matter are much broader, and the number of 
multi-polar ganghonic cells is disproportionately much greater than 
ia the dorsal part of the spinal cord ; the number of multi-polar 
ganglionic cells being, as Clarke, § Schilling,! | ^^^ Gratiolet1[ cor- 
rectly observed (see above), in a direct ratio to the thickness of the 
nerves, arising from the spinal cord. Besides this general difference 
in the number of the ganglionic cells, I have also found the latter 
much more numerous in the situations where the nerve-roots enter into 
the cord, than in the intervening parts, — an observation quite in 
accordance with the theory of the origin of the nerves from these 
multi-polar cells, of which I shall hereafter speak. 

Besides these ganglionic cells in the anterior horns, which, as 
Kolbker observes, are distinguished by greater size, ganglionic cells 
also occur in the posterior comua, but in smaller number. They 
differ, however, from one another ; some more distinct, are situated 
near the entrance of the posterior nerve-roots in the comua, and 
particularly in the fibres running round these horns, and sometimes 

* Fig.l e a'. Fig. 2 ah. 

t Fig. \ad. % Fig. I. 

§ Phil. Trans. I. v. p. 614. II Schilling, I. c. p. 39. 

II Gratiolet, VInstitut. l. c. 

D 2 



E6 STRUCTURE OF THE SPINAL CORD. 

encircling them as a girdle, which fibres are not mentioned by authors, 
and are most distinct in the lumbar bulb, passing to the middle part 
of the grey substance;* the ccUkS are here more oblong, possess a 
smaller number of branched filaments, and resemble the cells, which, 
according to KoUiker, are met within a more separate state, between 
the nerve filaments of the posterior horns. Of these cells he gives a 
very good representation.f KoUiker also represents ganghonic cells 
in the middle of the posterior horns in the gelatinous substance, which 
I likewise have met with, though I have often seen them larger than 
they are represented by him.f This depends, however, on the part of 
the spinal cord subjected to examination ; the larger cells, the ex- 
ternal, as well as those just described, occurring chiefly in the lumbar 
bulb, where both the posterior horns are broader and the ganglionic 
cells larger, than in the dorsal portion§ of the spinal column. 

Sc hilli ng appears not to have accurately observed these ganglionic 
cells ; at least they are wanting in his otherwise beautiful represen- 
tation of the spinal cord. 

Lastly, I have constantly met with an apparently important group 
of ganglionic cells, which are not described by earher writers, 
unless, as is very probable, KoUiker mentions them without giving 
their exact coimexion||. These ceUs lie very near one another in a 
small group, in the radiation of the posterior grey commissures, into 
which their filaments evidently pass.^ Probably it is owing to defects 
in the mode of making the preparations, and to the hardening with 
chromic acid, that previous observers have been unable to discover 
them, and their connexion with the grey posterior commissure. 
Schilling does not represent them, and says, that he cannot ascertain 
whether these transverse fibres of the posterior commissure also serve 
to connect the ceUs with one another.** 

However^ they are very evident, although smaller than the ceUs in 
the anterior horns. They stand very closely together. This group also 

• See my figure 8, h g. 

t Mikrosh. Anat., I. c. pp. 416 et seq. Fig. 128.J 

: /. c. p. 414. Fig. ]26. 

§ Bidder, I. c. p. 674, denies that ganglionic cells exist in the posterior 
grey horns, of which, however, I possess several preparations. Stilling 
also confirms this. iVeae Untersuchungen, 2 Lief., "pp. 185 etseq. 

II I. V. p. 413. Fig, 125. In his drawing of the transverse section of the 
spinal cord, Tab. IV., Fig. 3, the ganglionic cells are indicated only by 
points, and very inaccurately ; this is scarcely more than an outline figure. 

If See Fig. 11, g g. Fig. 12, Ic I. **■ I. c. p. 58. 
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is richer in cells and more distinct in the lumbar bnlb. These cells 
are distinguished from those in the anterior comua by having a 
smaller number of filaments ; many are oblong, triangular, and the 
smaller ones commonly lie very near each other. When examining 
the spinal cord physiologically, I shall dwell more in detail upon 
these cells, which are connected exclusively with the posterior com- 
missure.* 

Lastly, there are also separate ganglionic cells amongst the white 
medullary matter or longitudinal filaments ; they are situated in the 
lateral efferent filaments of the grey substance, which are seen on a 
transverse section, dividing among the medullary matter. StiUing 
was the first to give a representation of these rays,t and they are re- 
garded by Todd and Bowman as processes of grey substance, into 
which blood-vessels penetrate from the pia mater, f Indeed, in these 
lateral rays a blood-vessel is often, but by no means constantly, 
found, and in sections placed in chloride of calcium, is very 
plainly distinguishable from the nerve filaments. These cells are few 
in number, and are always separate ; they exist chiefly in the vicinity 
of the grey matter. Even Clarke, as we have above seen, observed 
these ganglionic cells ;§ KoUiker, too, speaks of them, but gives no 
opinion as to their probable physiological signification. || 

Prom all this I info*, that, as Clarke has correctly stated, several 
columns of multi-polar ganglionic cells extend through the entire length 
of the spinal cord, those in the anterior ccmua being the principal ; 
next in importance are those at the side of the posterior commissure ; 
then those in the middle of the grey matter, between the anterior and 
posterior horns, and, lastly, those in the posterior horns themselves, 
as the smallest. These columns are, however, not to be regarded as 
quite independent, on the contrary, they are all more or less con- 
nected. Those from the anterior horns in particular, extend nearly 
to the begirming or the basis of the anterior horns, or the mid-space 

* As Bidder looks upon the entire posterior commissure as connective 
tissue, he denies the presence of ganglionic cells in it also, I. c. p. 48. Stilling 
has, however, confirmed the fact of their existence, I. c. 1 Lieferung, pp. 
133 et seg., but according to him they do not occur everywhere in the 
spinal cord. /. c. 2 Lief., p. 230. 

t Ueber die Medulla Oblongata, p. 5. Plate II., Figs. 1-4. 

X Todd, in the Cyclopedia of Anatomy and Physiology, art. Nervous 
System, p. 708. Todd and Bowman, Anat. and Physiol., Part II., p. 259. 

§ Phil. Trans. I. c. p. 610. 

II Mikr.Anat., Z.c, p.416. See these cells in a longitudinal section in Fig. 6 ^r. 
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between the two horns, and the ganglionic cells situated here are 
closely connected by their filaments with the group at the side of the 
commissures.* 

These vertical columns are, however, when viewed in the longitu- 
dinal direction, of very unequal size ; not only are they larger and 
richer in cells iu the cervical and lumbar bulbs, but the number of 
cells increases where the roots of the nerves penetrate the spinal cord 
and the grey substance j they thus form more or less coherent 
groups, placed ia a longitudinal direction above one another. 

The physiological importance of these multi-polar cells depends 
not only on their communications with one another, but especially 
on their connexions with the nerve-roots. "We have above seen that 
although there has been much difference of opinion on this point, 
and although KolHker totally denied their connexion with nerve-roots, 
the existence of such a connexion has by later writers been established 
beyond doubt. 

Though I considered that I had formerly succeeded in demonstra- 
ting this connexion in some objects with sufficient certainty, I have 
recently, assisted by the greater clearness obtained in microscopic 
examinations by means of chloride of calcium, investigated this im- 
portant question as fuUy as possible. In these investigations also I 
foimd the lumbar portion of the spinal cord of a cow the most satis- 
factory on account of the greater thickness of the nerve-roots. For 
this purpose both transverse and longitudinal sections should be 
made ; the latter as close as possible to the entrance of the anterior 
roots, in the direction of the anterior horn of the grey matter, or 
rather parallel to the course of these nerve filaments. 

In a transverse direction we often succeed in tracing the nerve- 
filaments very beautifully and uninterruptedly from without into the 
comu; they are distinguished into thicker and slighter fasciculi, 
penetrating in a tolerably straight line into the grey substance. At their 
entrance into the latter usually lie some multi-polar gangKonic cells 
from which we can sometimes trace eccentric filaments into the nerve- 
roots or lateral radiations, as is very distinctly represented by Clarke,t 
although this writer did not recognize the importance of the fact. 

Of this I have endeavoured to give as accurate a representa- 
tion as possible in Fig. 3 ; where we see the network of intercommu- 
nicating filaments, among which, however, a couple of blood-vessels, 

• Fig. 12, 1, k. 

t Philosophical Transactions, I. c. Fig. 15. 
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a a, are visible ; while at 5 5 5 i, we see filaments derived from the 
ganglionic cells, spreading out ia the nerve-roots. It is necessary 
to be careful not to confonnd mimite blood-vessels, which usually 
accompany the nerve-roots on their entrance, with nerve filaments or 
efferent threads from the ganglionic cells. I may observe that I 
have succeeded much more satisfactorily, in some longitudinal sec- 
tions, in finding the connexion of the nerves with the ganglionic cells, 
or rather their origin from them, on the anterior or motor side. After 
having first accurately determined in a transverse section the direction 
of the anterior horn and the entrance of the nerves, the knife should be 
placed as nearly as possible parallel to the entrance of -the nerve; 
thin laminae should then be made in tliat direction, which should 
both comprise the entrance of the nerve and should penetrate into the 
grey substance, when we shall very easily see the roots of the nerve fila- 
ments transversely between the longitudinal fibres penetrating to the 
anterior grey cornu. On account of the great number of gangUonic 
cells, however, we rarely succeed in this situation in observing the con- 
nexion with certainty ; the nerve-roots for the most part run through 
the ganglionic cells and terminate without being connected with the 
latter, in other words, they have been cut ofP. But this is to be ex- 
pected in consequence of the thinness of such a section, and the 
curved course of the nerve-roots. Sometimes, however, when we 
have by chance hit upon the exact direction, the connexion is so dis- 
tinct as to leave no doubt upon the subject. Prom among several suc- 
cessful sections, I have given a faithful representation of one, in which 
the connexion had been very perfectly preserved and was very dis- 
tinctly seen ; so much so that by far the greater number of nerve 
filaments coidd in this situation be traced to their connexion with 
the ganglionic cells. 

We see this represented in Eig. 4, only a few longitudinal medul- 
lary fibres, a a, being retained, in order to render the drawing not 
unnecessarily large. We here observe inferiorly, under 1, not less 
than eight filaments in coimexion vrith ganglionic cells, while from the 
uppermost bundle four filaments can be traced to such bodies. 
Among these filaments those marked 1 1 ' are both derived from the 
same gangHonic cell, the anterior in the centre, which gives off a 
filament to each fasciculus j at 2, we see two filaments, derived from 
the one end of a ganglionic cell, while the cell marked 4, likewise, 
gives off two filaments, running out in an oblique direction under 
the other nerve filaments to the superior bundle at 3, just as the cell 
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5 likewise gives off a nerve filament, Tyhich passes obliquely over 
another ganglionic cell miming near 1 '. At 6 is the most remote 
ganglionic cell, connected with the nerve filaments ; but from the fas- 
ciculus at 7, which is not traced, a filament was connected with a cell 
situated at a still greater distance, but which I have omitted, in order 
not to enlarge the drawing unnecessarily. The connexion of numerous 
ganglia with one another (as the cell 8, and the cells marked with 9) 
is here also very beautifully shown. Most of the connecting fila- 
ments of these cells are, however, cut off, while many filaments, 
visible in the object, but which could not be traced, and which 
would only have made the drawing indistinct, are not included ; as 
it is impossible to reproduce in a drawing the entire copiousness of 
nature. In several places, moreover, iii this very successful preparation 
the passage of the nerve filaments into the ganglionic cells was clear 
to demonstration; the specimen was taken from the lumbar portion 
of a cow. The origin of the anterior nerve-roots from the gan- 
glionic cells is here so evident as to leave no room for doubt on the 
subject. 

If we take a transverse section, so successfully made (of which I 
possess several specimens) as to show exactly the entrance of a 
thicker nerve-root into the grey substance, I mostly find two nerve- 
roots together, which on entering the cornu extend laterally and 
towards the centre, and cross one another ; many filaments run along 
the outer edge of the horn, others spread through its middle. Of 
this Schilling has given a very beautiful drawing,* exhibiting, 
however, only slender nerve-roots, whiles as I have already remarked, 
no efferent filament or connexion of the ganglionic ceUs with the 
nerves is anywhere represented. 

In one very beautiful preparation, among several others, the expansion 
of the nerve-roots in a transverse section was very evident, of which I 
have given in Kg 5, a drawing as accurate as possible. We see here 
also a tolerably thick nerve, a, and a more slender one, b, passing 
through the medullary portion into the anterior grey substance, of 
which some filaments unite with ganglionic cells, c a c.f 

• De Med. Spin, text., Tab. I. 

t A copious network of ganglionic cells was situated somewhat further 
from the edge of the grey substance towards the centre ; but in order not 
to make the drawing too large and complicated, these have been omitted, 
and the ganglionic cells c c c, which belong to a very rich group, have 
been brought into the drawing, although they were situated at a somewhat 
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Fig. 5. Transverse Section through the Anterior Horn, and entrance 
of a Nerve-root, page 40. 

AAA. Medullary matter or anterior columns, the longitudinal fibres of which are 
cut across. ' 

B B. Grey matter of the anterior horu with its cells and nerve-fibres. 

a, 6. Two motor nerve-roots, dividing in the grey matter. 

ccc. Multi-polar cells into which the fibres of the nerve-roots pass. 

d, e. Another group of cells which are connected, partly with the preceding, partly 
with one another, and receive numerous filaments from the marginal fibres sur- 
rounding the grey matter. 
f,g,h, i. Grey radii, proceeding from the horn and the white medullary columns and 
here dividing ; their fibres either pass at once into cells, as at f, or penetrate to 
the remote cells, as at h, or they form marginal fibres as at i, all of which appear 
to be lost in remote cells and decussate with the nerve-root a, without passing 
into it. 

Fig. 6. Longitudinal Section at the Margin of the White and Grey 
Matter irom the Anterior Horn, page 43. 

a, b. Longitudinal medullary fibres, of which a few of the most internal at a and g 
pass over into multi-polar cells ; at g another cell is faintly seen between the 
longitudinal fibres. 

0, d. Transverse fibres, as rays of the grey matter, which run among the medullary 
fibres, and bending appear at e and f to pass into these fibres. The cells them- 
selves are again united by communicating filaments. 



[To face page 40. 
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There can therefore he no donht that the roots of the motor nerves 
arise from the spinal cord, and more particularly from the ganglionic 
cells of the anterior horns, which unite to form a network, and often 
divide into more or less widely separated groups.* 

The principal question therefore is ; ia what manner are these 
nerve-roots connected, by means of the ganglionic network into 
which they pass, with the brain ? 

That the anterior medullary filaments, which are represented in 
Eig. 5, as cut across at A A, A, are the conductors of the orders of 
our wiE to the motor nerves, has been fuUy ascertained and is ad- 
mitted by all physiologists. The connexion stated to exist between 
these medullary filaments and the grey matter is, however, not so 
evident. In order to demonstrate this connexion it is necessary to 
turn our attention to some other parts of the spinal cord, which, in 
my opinion, are immediately concerned in it ; namely, the transverse 
fibres, found on all sides among the medullary longitudinal fibres, 
and radiating from the grey substance through the white. See Pig. 

Stilling was the first to represent these transverse fibres,t which he 
has done very beautifully. He describes them as extremely minute 
prolongations of grey transverse fibres, passing from within out- 
wards, without combining at the periphery to form a nerve trunk. 
These minute fibres according to him almost always accompany pro- 
longations of the pia mater and vessels, and are to be regarded as 
vascular nerves, providing for the nutrition of the spinal cord and its 
parts.J In the medulla oblongata these fibres are more numerous 
and more complicated, even participating in the formation of a 
very complex network, which, according to him, is constituted by 
a portion of the posterior nerve-roots, separately penetrating be- 
tween the longitudinal fibres. § That these radiating fibrous fila- 
ments are related principally to the blood-vessels, is admitted by most 

greater distance, and the nerve-roots in these situations were consequently 
somewhat longer ; the connexion can in some be distinctly followed. 

* This origin of the motor nerves from the ganglionic cells of the anterior 
horns is now admitted by all. StiQing (2 Lief., p. 315), and Bidder (pp. 
61 et seq.), confirm my observations on this subject. 

t Stilling, Ueber die Textur und Function der Med. obi. PI. I., II. 

t I. c. p. 5. He mentions these transverse fibres also in his former work, 
Veber die Textur des Buckenmarks, but without distinctly representing 
them, pp. 21 et seq. 

§ I. c. p. 8. 
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writers, as I have above stated* KoLiter, however, regards them 
as the continuation of the motor nerve-roots, and more especially of 
the external radical fibres entering into the anterior horns, which, 
according to him, run mostly in smaller bundles or even resolved 
into single fibres, and therefore less distinctly visible, in part back- 
wards, partly in a curve outwards, and finally turn to the anterior 
half of the lateral columns, where they pass through the outer group 
of gangUonic cells (according to KoUiker, without becoming con- 
nected with thetn), and are lost in the lateral columns. He says 
further, that in longitudinal sections we see, not their connexion 
with the anterior roots, but (what is important) with the lateral 
columns. These transverse fibres penetrate to various distances into 
the lateral columns, to nearly the half or even farther, then curve 
upwards, and now proceed as longitudinal fibres.f In his outline 
figures he does not, however, delineate these transverse rays. J 

Clarke seems to regard these rays as consisting only of blood-vessels, 
probably in consequence of his mode of preparing the sections, which 
so completely alters the most minute nerve fibres as to render them 
invisible, while the blood-vessels continue distinctly apparent j he 
consequently represents only blood-vessels with their numerous 
ramifications. § 

Schilling speaks of the same transverse fibres and says, that the 
grey substance viewed under the microscope appears to be furnished 
as it were with numerous teeth and sharp needles, and sends out 
distinct prolongations, many of which run through the white matter 
to the circumference of the spinal cord.|| But it is very strange that 
this writer, who also admits that the nerve-roots terminate in the 
grey substance and pass into ganglionic cells, shotdd still look upon 
these lateral rays — although they are not at all connected with the 
nerve-roots — as nerve fibres, entering obliquely, and therefore only 
partly visible on a transverse section and not reaching the periphery ;1f 
for these reasons he also, with KoUiker, considers all transverse fila- 
ments in the medullary portion to be nerve filaments.** But how it 
is possible to imagine these transverse rays in the lateral columns to 
be prolongations of the nerve-roots, which are said to terminate in 

* ;. c. p. 30. 

t KoUiker, Milcroslc. Anat, p. 419. t I- c. Tab. IV., Fig. 3. 

§ Phil. Trans., I. c. p. 615, Plates XXI., XXII., XXIV., XXV. 
II SchiUing, /. c. p. 11. t i- c. p. 26. 

** I. c. p. 35. 
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the grey matter in the ganglionic cells, I do not understand ; we need 
consult" only Schilling's own drawing to be convinced that the 
transverse rays in the lateral columns are unconnected with the 
anterior nerve-roots.* Todd and Bowman have already correctly 
refuted this idea, which was previously put forward by StiUing.f 

Erom these statements it is sufficiently evident, that no cleai idea 
has been formed as to the nature and essence of these transverse 
fibres; I think, however, that my investigations are capable of 
satisfactorily explaining what is apparently enigmatical in reference 
to them. In consequence of the curved and scattered course of these 
transverse fibres through the medulla, we seldom succeed ia finding 
them or discovering their connexion with the longitudinal columns. 
I have, however, observed, that they curve and pass into the longitu- 
dinal fibres, as I have represented in Kg. 6, from a very successful 
longitudiaal section, taken from the antero-lateral columns. We here 
see the transverse strands, c d, bending into the longitudinal fibres ; 
yet at the same time the innermost longitudinal fibres curve towards 
the grey substance and pass into the ganghonic cells at « y, a fact 
which SchiUiag also represents, and says he has only once observed. J 
I have often met with this, and in the prepajation whence Kg. 6 was 
taken, only a part of which is represented, it occurred in several 
places. § 

Even among the longitudinal columns we sometimes meet a gan- 
- gUonic cell, || which probably serves to connect the longitudinal fibres 
with the more deeply penetrating transverse rays. These ganglionic 
cells are connected through their filaments of communicatfon with 
other ganghonic cells, as is shown in the drawing. The connexion 
of these fibres is, however, very distinctly seen in the transverse 
section already given in Kg. 5. Thus two nerve-roots are here ob- 
served, a I, penetrating into- the grey matter, which, from their 
entrance into the latter, were very beautifully seen, but of which, in 
order not to make the figure too large, only a small portion of the 
trunks is represented. On either side of these nerves we see at f, g, 
h and i, the transverse fibre-rays passing from the grey substance into 
the white medulla AAA, where, after having given off several 
branches, they are lost before they have reached the outer boundary 
of the medulla. At / afid g we see some of these fibres passing im- 

* I. c, Tab. I. t Physiol. Anat, Part II., p. 259. 

I Schilling, I. c. Tab. II., Fig. a b, p. 39. 

§ Fig. 6 at a and g. II Fig. 6 at g. 
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mediately into ganglionic cells; others, however, curve right and 
left along the periphery of the grey matter. This is partictdarly evi- 
dent in the fibres from the rays i, some of which arise from the more 
distant lateral rays not taken into the figure, and almost all curve 
towards the nerve and between the fibres of the nerve-root without 
mingling, to terminate in the ganglionic cells at e and d; which was 
particularly well seen in this preparation. These ganglionic cells are 
again connected with the great ganglionic network, of which the cells 
c c c — ^whence the nerve-roots take their origin — constitute a small 
portion. A fasciculus from the nerve-root a is, however, seen to 
pass obliquely into the ray A, and hence to press further into the 
grey matter and end in ganglionic cells. 

IVom the foregoing, the nature of these filaments may, without 
much difiiculty, be explained. Thus the longitudinal white columns, 
for the most part, maintain, as aU writers have observed, parallel 
courses, and present no apparent termination, while from the grey 
substance lateral transverse bundles radiate, which divide and are 
scattered among the white columns and take up their fibres. Kg. 6, c e 
d f. In this manner the longitudinal fibres, as conductors of our will, 
pass into these transverse fibres, and thus the orders of our will are 
conveyed along these rays to the ganglionic net, whence the motor 
nerves take their origin. This of itseK explains why so many gan- 
glionic cells are situated at the outer edge of the grey matter, into 
which we do not see the nerve-roots pass ;* these last arise rather 
from the centre of the anterior horn, namely, from the ganglionic 
group, which receives on aU sides communicating filaments, arising 
themselves from the marginal ganglia or from the transverse rays. 

It'is, however, not always that such a decussation of the trans- 
verse radiating fibres with the nerve-root at its entrance is seen ; 
sometimes the filaments of the nerve-root themselves appear in part 
to bend along the margin of the grey substance, and here to pass 
into cells which are connected with the radiating fibres, while other 
fibres keep more to the middle and penetrate to the principal group 
of the ganglionic cells. 

* By this observation Clarke was, as we have above seen, misled ; for, 
seeing that the elongated filaments of the ganglionic cells also ran into 
the lateral rays, which were connected with no nerve-rocfts, but accordiag 
to him consisted chiefly of blood-vessels, he inferred that the elongated 
filaments of the cells in the nerves themselves, which he so beautifully 
represents, could not be connected with the nerve-roots, but served only to 
accompany the blood-vessels. See above, p. 16. 
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These transverse radiating fibres are, therefore, the means of com- 
mujQication between the anterior and lateral longitudinal columns and 
the grey substance, or rather the ganglionic cells, whence the nerve- 
roots arise. Hence is seen also why the longitudinal fibres of these 
white columns maintain such a parallel course. They would of ne- 
cessity exhibit a more plaited appearance, if fasciculi of some of the 
fibres constantly passed from without between the others towards the 
centre in the grey substance ; but it appears, on the contrary, that 
the grey matter sends off transverse rays, subdividing among the lon- 
gitudinal fibres, and taking up these fibres, or, if we wiU, passing into 
them. It also follows from this, that these rays are most numerous 
where the thickest nerves arise, or where the most complex nervous 
connexions are situated ; to be convinced of this it will be sufficient to 
compare the first three drawings in StiUing's work on the medulla 
oblongata, for example, Plate II., Eig. 1, from the dorsal portion, 
with Figs. 3 and 4 from the cervical bulb. I cannot, however, de- 
scribe this connexion very fully, until I come to the physiological 
explanation of this wonderful tissue of fibres in the spinal cord, to 
which I refer the reader, but as preparatory to which 1 must first 
explain the structure of the spinal cord and of its tissue in its in- 
tegrity.* 

The examination of the structure of the posterior horns and the 
nerve-roots entering them is much more difficult ; partly in conse- 
quence of the greater complexity of the fibres, the different directions 
they assume, and their connexion with one another ; partly from the 
greater minuteness of the nerve filaments rendering it much harder 
to follow them with sufficient accuracy, at least separately ; and partly 
on account of the remarkable phenomena of reflexion, which indis- 
putably takes place in the spinal cord, a satisfactory explanation 
of which has constituted so great a stumbling-block to physiologists. 
It is therefore not surprising that various opinions should be put for- 
ward by different writers in reference to the structure of this part 
and the course of the sensitive roots. 

We have already seen (pages 5 ei seq.), that in order to explain 
these phenomena of reflexion, Yolkmann resorted to the idea of a 
transverse conduction, describing the stimulus as leaping over from 

* Both Bidder (I. c. pp. 81 et seq.) and Stilling (2 Lief., pp. 162 et seq.) 
have confirmed the fact of this connexion of the longitudinal medullary fibres 
with the ganglionic ceUs of the grey substance by means of the radiations 
curving into the longitudinal fibres, discovered by me. 
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a sensitive to a motor nerve.* Wagner proposed the very ingenious 
hypothesis, that the multi-polar ganglionic cells constituted the con- 
nexion between these nerves, and that the irritation was conveyed 
through them from the sensitive to the motor nerves.f This simple 
and truth-hke explanation was rejected by most subsequent writers. 
Marshall Hall suggested the existence of reflex or excito-motor nerves; 
but their presence was disputed by several authors, and especially, 
and at considerable length, by Todd.f Todd and Bowman assume, 
that both the anterior and posterior nerves terminate in the grey 
n\atter of the spinal cord, and assert, that after separating the columns 
of the cord along the Hue of sequence of the posterior roots, they 
found these roots to remain with the antero-lateral columns, and to 
have little or no connexion with the posterior columns. § They state 
their belief that the anterior columns of the spinal cord serve at the 
same time both for sensation and motion, and that the posterior 
columns which, according to them, pass into the posterior horns, 
produce, as connecting fibres between the brain and the spinal cord, 
the coordination of movements. || 

Clarke likewise thinks, as we have above seen, that the roots of the 
posterior nerves are connected through the posterior horns of the 
grey substance with the anterior roots and the commissures. Some 
filaments, according to him, again leave the grey substance, and are 
then connected with the posterior and lateral columns.^ 

Schilling, who, as we have seen, makes the anterior roots arise 
from the gangKonic cells, says that the posterior roots never penetrate 
into the anterior horns. He also acknowledges how extremely difficxdt 
it is to trace these minute filaments ; but thinks, nevertheless, that the 
posterior longitudinal filaments consist of the fibres of the posterior 
roots.** In the gelatinous matter of the posterior horns, however, 
he never saw fibres or bundles pass into the longitudinal filaments, ft 
but he saw bundles of the posterior roots bend upwards, and, what 
is remarkable, also downwards, to be apparently prolonged iato the 
longitudinal fibres.Jt According to him, all nerve-roots penetrate 
into the grey substance, § § but the posterior form longitudinal bundles 

* Phys. Wort., I. c. p. 528. t I- "■ PP- 398 et seq. See above p. 5. 

I Physiological Anatomy, Part II., pp. 307 et seq., and especially Cyclo- 
peedia of Anatomy and Physiology, art. ' Physiology of the Nervous System,' 
721, U et seq. 

§ Todd and Bowman, Physiol. Anat., I. c. p. 302. |1 I. c. p. 321. 

IF Clarke, Phil. Trans., I. c. p. 616. *• Schilling, /. c.p. 40. 

tt I- c. p. 31. It I. c. p. 31, Tab. II., Fig. 1 e. §§ I. e. p. 56, 
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in the grey posterior horn, into which they pass.* Gratiolet likewise 
laments that in the investigation of the origin of the posterior roots 
he has not been successful ; he thinks, however, that these roots curve 
into the posterior longitudinal columns and mingle with them.f 

I freely admit, that I have found the investigation of the origin 
and course of the posterior nerve-roots much more difficult than that 
of the anterior ; but I think that by means of my clearer and more 
distinct preparations with chloride of calcium, I have made some pro- 
gress ia this direction. If we make a longitudinal thin section at 
the entrance of the posterior roots, we commonly see, that one or more 
roots enter the spinal cord, but immediately curve upwards iato the 
longitudinal columns ; so that it is evident that at least a portion of 
the nerve fibres pass directly into the posterior longitudinal columns. 

Of this I have made a drawing, Pig. 7, where from a to b a, root 
is seen to bend immediately into the longitudinal columns ; these 
columns are again covered by others, and we can in successfiil sec- 
tions follow them for some distance. They run upwards parallel to the 
white fibres, of which they then constitute a part, and\ire covered by 
sensitive nerves arising higher up, so that they are placed more or 
less in layers over one another {imbricatim). Of this mode of 
entrance of the sensitive nerve I possess several examples, and am 
surprised that it has not been observed by other writers, almost 
all of whom endeavoured to trace these nerve-roots into the posterior 
cornua, and have probably overlooked the curving directly under the 
pia mater, although Eemak had already pointed out such a course in 
the frog in 1844,f and Bhrenberg, Yalentin, and Budge, with the aid 
of the microscope, saw the sensitive fibres curve upwards. § As I 
have already remarked, the inferior portion of the spinal cord in 
cows, where the sensitive nerves are so thick, is best adapted to 
this investigation ; in other animals, where they are slighter, they are 
easily torn in making the section, and the connexion can no longer 
be distinctly traced. Besides these roots passing upwards into the 
longitudinal columns, transverse fibres also issue from distinct bundles 
in the posterior columns, and repair to the centre or the posterior 
horn, II though, in consequence of the curved direction they assume, 
we scarcely ever succeed in tracing them fax.^ 

• Page 61, No. 5, Tab. I. e. f See above, p. 22. 

J MuUer, Jrch. 1844, p. 177, Tab. VIII., Fig. 6 q, u, s. 

§ Volkmann, Nervemphys. 2. c. p. 511. || Fig. 7 c, d. 

H In order to see both kinds of fibres, the longitudinal and transverse, it 
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This succeeds best in a transverse section taken exactly where 
the nerve-root enters the spinal cord; here we distinctly see it pene- 
trating into the grey posterior horn, as has abeady been represented 
by Stdllmg and others. Nevertheless its fibres are so extremely 
minute and delicate, especially where they run through the gelatinous 
matter of the posterior horns, that it is very difficult to trace them. 

In Mg. 8, 1 have given a drawing (as accurate as possible) of the 
course of these nerve-roots ; but it would, in my opidion, be impossible 
to represent the nature and copiousness of all the interlacements and 
convolutions of the afferent roots. We here see a part of the spinal 
cord, in fact the posterior horn from the lumbar portion of a cow, 
where at a, h, o, some nerve-roots enter the cord close to one another, 
some of which at a and c, after their entrance, assume a more trans- 
parent appearance, and seem to consist of transversely cut, ascending 
sensitive nerves. These roots very quickly divide into several 
bundles, in part connected with one another, and forming a sort of 
plexus, but of which I have given only the principal fasciculi ; these 
bundles are therefore separated from one another by the posterior 
longitudinal fibres between which they penetrate. Pinally, they 
reach the posterior horn of the grey substance, into which we see 
most of the roots penetrate as bundles of extremely minute fibres, ffff, 
capable of being traced to the centre of the horn at d and e, and 
sometimes even a little farther, proceeding chiefly towards the gan- 
ghonic cells, which are here situated in groups, although more 
sparsely than in the anterior horns. Their extraordinary miauteness 
has prevented my being able with perfect certainty to decide whether 
they pass into the ganglionic cells ; but I have often observed, that 
such a bundle or strand of these fine fibres can be traced into a 
group of ganglionic cells, though not farther ; hence I suspect they 
pass into them, and that therefore they cannot be followed into the 
anterior horns, as some think. 

is best to divide the lumbar portion of the spinal cord of a cow longitudi- 
nally into two equal halves, following the course of the fissures ; so much 
of the medulla is now to be cut away at the posterior and under side, as to 
bring the section to the entrance of the sensitive roots ; very thin laminae 
are then to be taken, deviating somewhat, but very little from the longi- 
tudinal direction, that is : — we take a thin segment of the superior radical 
filament, while in the iaferior part of the section we scarcely touch the 
nerve. As the transverse and longitudinal filaments proceed from different 
bundles, which do not lie in quite the same longitudinal direction, we can in 
this mode obtain both nerve filaments in one section. 



EXPLANATION OF PLATE III. 

Fig. 8.. Transverse Section of the Posterior Horn with Nerves enter- 
ing it, page 48. 

u, b, u. Nerve-roots, .the fibres of which, dividing into plexuses, run towards the grey 
matter, and penetrate between the longitudinal medullary fibres ; at a and e we 
observe two roots, which do not proceed further, and appear to be truncated 
sensory filaments, the others are refiex filaments. 

d, e. Group of gShglionio cells situated in the middle of the grey matter at the base of 
the posterior horn, in which most of the fibres appear to run together. 

f. Portion of the posterior commissure, some of the fibres of which run across into 

the grey matter at d and e and are lost, while some pass into the horn at k^ and 
others run into the marginal fibres hhh which surround the horn. 

g, g. Minute fibres of the refiex roots, which perforate the posterior horn in different 

bundles and appear to terminate in the central cells at d^ v. In some we see a 
multi-polar ganglionic cell lying close to their entrance. 

h, h, h. Marginal fibres, which surround the horn on all sides, and appear to arise 
chiefly from the lateral rays at I, and which curve from either side towards the com- 
mon central point at d, e. At the posterior surface of the horn and also in the 
neighbourhood of the commissure several cells are seen situated in these 
marginal fibres. 

i, i. Two cells situated among the medullary cells, the connexion of which I could 
not discover. 

I. Lateral rays, which divide among the white medullary fibres, and pass into the 
marginal fibres of the grey matter. 

A, k. Other scattered ganglionic cells, lying more dispersed in the grey matter, espe- 
cially of the posterior horn. 

m. Cut bundles of longitudinal fibres, which occur sometimes ' in great number 
especially at the outer margin of the posterior horn. 



[To face page 48. 






'/^, 




MARGINAL FIBRES OF THE POSTERIOR HORN. 49 

But besides these nerve-roots, other fibres occur here, to which it 
seems to me the attention ofwriters has not been sufficiently directed; 
namely, the entire posterior horn is surrounded, as with a band or 
girdle, by a bundle of minute fibres of various degrees of thickness 
(also represented in the figure diihh h).* This layer of marginal fibres 
is constantly strengthened by the rays which we see ramifying par- 
ticularly in that part of the medulla where the nerve does not enter, 
' most of the filaments of which pass iuto these marginal fibres ; but 
some filaments of the nerve-roots appear also to pass to these marginal 
fibres; although, of this I do not feel perfectly certain. But that these 
marginal fibres are derived chiefly from the transverse rays — ^which, 
just as we saw in the anterior horns, cross in aU directions through the 
longitudinal medullary columns — appears from the fact, that if we take 
a transverse section from this part of the spinal cord between two 
nerve-roots, where no nerve-root exists, the rays, although for the 
most part less complicated, are nevertheless present ; and I have even 
found these marginal fibres very thick iu such sections.t 

It is particularly to be observed, that the marginal fibres possess 
many small, for the most part oblong, ganglionic cells. Fig. S A A; 
which ganglionic cells are not everywhere equallynumerous, sometimes 
they are few, sometimes they are in tolerably considerable number ; I 
even found in one section two distinct ganglionic cells in the white 
medulla external to the marginal cells. Kg. S i i, without any 

* By these marginal fibres the posterior horn is, as it w ere, more separated 
from the longitudinal columns, and hence it is that in thin transverse 
sections these columns so easily part from the posterior horns on very 
slight pressure ; especially where no reflex nerves enter the horn, and the 
connexion is maintained only by a few slight rays. 

t The use of these posterior rays is not very evident : their course in the 
marginal fibres, and further, by means of these, towards the middle point 
of the posterior horn, Fig. 8 h h h k fr, appears to indicate a connexion 
between the posterior columns of the spinal cord, or the conductors of 
sensation, and the centre of reflex action ; the physiology of this is, however, 
not very clear, as reflex phenomena excite no internal sensation. Nor can 
they serve for the irradiation of sensation, that is, for the transference of 
the impression or of pain to an adjoining sensitive nerve, which it is most 
probable takes place higher up, where the sensitive nerves end, in the 
meduUa oblongata. It appears to me most likely, that these posterior 
rays are connected with the reflex nerves entering from behind ; but I think 
it best to refrain from all, perhaps perilous, hypotheses on this subject, 
until we shall be better acquainted with the connexion of these posterior 
rays. 
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apparent connexion with the nerve-roots. In the situation too, 
where the nerve-roots enter the grey horn, we sometimes meet a 
ganglionic cell, usually larger than those in the marginal fibres, and 
giving off several rays, Kg. 8 at h. 

These marginal fibres, however, do not surround the posterior horn 
only on the outside, but arrange themselves iu part at the basis of 
the horn internally, le h, where, from either side, they meet in the 
group of ganglionic cells at d e, and cross the nerve-roots which have ' 
penetrated to that point. All the fibres of the mednUary rays do 
not pass into these margiaal fibres; some enter, either with the 
nerve-roots, or separately, into the grey horn, and penetrate into the 
centre of the grey substance (see Kg. 8 g, d, e) . 

Lastly, with these margiaal fibres are connected the fibres which,, 
from the grey posterior commissures f, partly spread across towards 
the centre d e, and partly mingle with these margiaal fibres at Jc. 

Prom the foregoing it would therefore appear, that posteriorly not 
only is the tissue of the spinal cord more compKcated, but contains 
two kinds of nerve-roots, one kind proceeding immediately npwards iu 
the white medullary rays. Kg. 7 a. b, and apparently passing to the 
brain. They are indisputably nerves of sensation; the other roots, 
however, Kg. led, Kg 8 a, h, c, pass across through the white 
columns to the posterior horn, which they penetrate, and partly mingle 
with the margiaal fibres, by which the horn is surrounded, and, as it 
were, enclosed, and which, in the centre of the grey substance between 
the anterior and posterior horn appear to lose themselves in 
ganglionic cells. Kg. i d e, wherein at the same time both the major 
part of the marginal fibres and the posterior commissure, f, unite. 
These nerve filaments can scarcely be anything else than reflex 
nerves, conveyiag the stimulus iato the network of ganglionic cells, 
wherewith they appear to be connected, whence the impression 
received can be communicated to the anterior groups of cells, from 
which the motor nerve-roots arise. These transverse roots, which 
have hitherto been regarded as sensitive roots, appear therefore to be 
reflex roots, which accompany the sensitive nerves into the spinal 
cord, where they leave one another ; the first to pass upwards to the 
brain, the others to unite with the common central point for motion, 
that is with one or other group of ganghonic cells in the conmience- 
ment of the anterior horns. The posterior horn itself, which on 
account of its great transparency, is stated, although improperly, to 
consist of gelatinous matter, has, on a transverse section, an elegant 



EXPLANATION OF PLATE IV. 

Fig. 7. Longitudinal Section from the Posterior Columns, in the place 
where a Nerve-root enters, page 47. 

li, b. A sensory nerve-root, which immediately bends upwards, and passes into the 

longitudinal columns or fibres of sensation. 
c, d. A second root, whose filaments run transversely through'the white columns, 

more or less divided into bundles, to be lost as a nerve-root for reflex action in 

the posterior horn. 

Fig. 9. Longitudinal Section at the Margin of the Posterior Horn, 
page 51. 

a, a, li, b, b. Grey matter, consisting of fine longitudinal fibres. 

c. "White medullary fibres of greater thickness, passing upwards. 

a, a, a. Transverse fibres, which run partly between the thicker medullary fibres, 
partly among the more slender grey fibres, portions of reflex bundles ; at a, a, a, 
we also see several fibres cut aoross, into which these reflex filaments bend, as into 
the superior bimdle. 

Fig. 10. Longitudinal Section of a Portion of the long Fibres from 
the Grey Matter of the Posterior Horn with small oblong Cells, which 
here occur in separate groups, page 52. 

Fig. 12. General View of a Transverse Section of the lower part of 
the Lumbar Bulb, magnified ten times, in order the better to show the 
connexion between the parts in Figure 11, which is drawn from the 
same object, page 55. 

u, b, c. The one-half of the spinal oord, drawn as accurately as possible, the other 

half d, e, being kept in outline to show the letters. 
df d. Posterior nerve-root. 

e, e. Anterior nerve-root. 

f, Bays derived from the anterior commissure, dividing in the medulla. 

g, Rays which pass on all sides from the anterior horn into the medullary colimms 

and are there lost. 

h, i. Marginal fibres round the posterior horn, some of which curve inwards and 
take up posterior medullary rays. 

k. Central ganglionic group, in which the transverse fibres of the posterior com- 
missure, the marginal fibres, and the perforating reflex roots of the nerve d, 
seem to unite. 

I. Ganglionic cells in the anterior horn, into which partly the nerve-roots, partly the 
filaments of the marginal fibres, pass (of these cells only outline representations 
are given, as they cannot be seen with this magnifying power ; the rest is faith- 
fully copied from nature) . 

m. Central canal. 
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TRUE NATURE OF THE "GELATINOUS MATTER." 51 

and wavy appearance, Kg. ^ g g, being very transparent towards the 
ends, with a dark marbled border. Several bundles, appearing as 
darker striae, perforate this horn ; its structure, therefore, differs very 
much from that of the anterior horn, which has a more uniform tint, 
and is more or less occupied with gangHonic cells, and the many de- 
cussating filaments, springing from them.* 

If we now make a longitudinal section through the posterior' horn, 
we see distinctly that this so-caUed gelatinous matter consists of 
minute, transparent, longitudinal fibres, Fig. Q b b, which, for the 
most part, run a parallel course, and are very much shghter than the 
white ascending meduUary filaments or sensitive threads. (See Fig. 
9 c.) In successful sections we again see running between them the 
transverse fine bundles of the refiex nerves, Kg. 9 a a a, though of 
these, on account of their curved or convoluted course, we can usually 
trace only truncated fragments, always appearing as distinct fasciculi, 

* The exact cottrse of the sensitive and reflex roots in the spinal cord is 
certainly one of the most difBctilt subjects of investigation. Bidder says, that 
whatever trouble he took, he could not find the ascending fibres of the 
sensitive nerves which, according to my description, accompany the longi- 
tudinal medullary fibres upwards, /. c, pp. 84 et seq. This has surprised 
me, as I have distinctly observed them and drawn them from nature, I am 
therefore very glad to see my observations confirmed by Stilling. Neue 
Untersuch., 2 Lief., pp. 285 et seq. Stilling, however, thinks that these 
ascending nerve filaments again penetrate the grey substance higher up, 
and that they do not run uninterruptedly to the brain, I. c, p. 284. 

Since the publication of this Essay, my ideas on this subject have been 
somewhat modified by the well-known experiments of Brown Sequard. I 
have myself seen that sensation decussates in the spinal cord, and not in 
the medulla oblongata, as I formerly believed ; at least, if we cut through 
the one half of the spinal cord, the foot on the same side continues sensi- 
tive, and that on the other side becomes insensible, as I observed in a goat 
My later investigations on the medulla oblongata have satisfied me, that 
the sensitive nerves do not themselves decussate, but that in the posterior 
horns they appear to terminate in ganglionic cells, whence other filaments 
arise which decussate. See my Essay on the Medulla Oblongata, pp. 27 
et seq. [The translation of the Essay alluded to forms the second part of the 
present volume.] The posterior columns wUl therefore contain these decus- 
sated filaments, radiating from the posterior horns and curving upwards 
and we thus obtain an explanation of these rays, the nature of which I had 
considered to be obscure. I freely admit, too, that in this Essay I have been 
so far in error, that what I took for sensitive nerves, are reflex nerves, which 
at various heights pass, according to Stilling, again into the grey matter, and 
that my reflex roots must in fact be regarded as nerves of sensation. ^ 

E 2 
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and never as perfect layers of transverse fibres, as they have been 
represented by Schilling.* Sometimes these transverse bundles ap- 
peared to bend into the longitudinal, which Schilling also observed. 
Occasionally, although rather rarely, we find in addition, in the middle 
of this gelatinous matter or posterior horn, distinct ganglionic cells ; 
these I have met with both in transverse and in longitudinal sections 
(see Mg. 10 in a longitudinal section.) They are extremely small, and 
form small circumscribed groups ; in other places we sometimes see 
larger ganglionic cells lying separately in the middle of the posterior 
horn. 

It is not easy to account physiologically for the occurrence of these 
longitudinal fibres in the posterior horn, which is almost wholly 
or, at all events, ia by far the greater part, composed of them. They 
can scarcely be considered as sensitive filaments, situated more inter- 
nally, and proceeding towards the brain ; not only because they are 
much finer than the white fibres, Pig. 9 c, but, and indeed chiefly, on 
account of the varying size of the posterior horns themselves ; thus 
the latter are largest in the lumbar and cervical bulbs, in these situa^ 
tions very much exceeding in breadth and extent the horns in the 
dorsal portion.f These minute fibres therefore do not run unin- 
terruptedly upwards, as in this case the posterior horns in the dorsal 
portion could not be slighter than in the loins. 

If, however, we bear in mind, that the motor nerves arise from 
groups of ganglionic cells, and recollect that these groups are reci- 
procally connected, in order to harmonize the movements of different 
muscles ; that further, in a peculiarly irritated condition of the spinal 
cord one stimulus is capable of exciting very many or even all the 
nerves of the cord to convulsive actions, and so can make the reflex 
movements extend to very distant parts, it wiQ appear more than 
probable that these longitudinal minute transparent fibres, of which 
the posterior horns consist, are fibres of communication, that is, 
fibres which connect with one another ganglionic groups situated at 
different heights of the spinal column, and so serve for the coordiaa- 
tion of movements. J This view is still further corroborated by the 

• Tab. 2, Fig. 1. 

t See StilUng, Med. Oblongata, PI. I., Fig. 1, compared with PI. II., 
Fig. 2. 

t It appears to me probable, that some of the transverse bundles or 
filaments of the reflex nerves pass into these, while other filaments seem 
to unite in the manner suggested with the central group of cells, whereby 
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fact that precisely as the anterior motor horns are much hroadier and 
richer in ganglionic groups in the lumbar and cervical portions,^- 
whence the nerves for the compHoated movements of the extremities 
arise, — so the posterior horns are also broader there, in order to con- 
nect the several groups with one another. In the back, however, the 
nerves serve to produce simpler movements, namely, those of the 
iatercostal and dorsal muscles, where the several combinations are 
much fewer than between the numerous muscles of the extremities j 
and here accordingly both horns are much less extensive. 

We shall, however, be able to see this more fuUy, when we have 
studied the commissures of the spinal cord, to which we now 
proceed. 

The same difference of opinion exists with respect to these com- 
missures as is the case with all other parts of the spinal cord. KoUiker 
makes the nerve-roots in part pass into the commissures, as StiUing 
had already taught; he thinks that the anterior commissure is in 
part a decussation of the anterior white fibres of the cord.* Schilling 
remarks that the two commissiires consist of grey fibres, and not 
of white medullary filament ; but later observations by Stilling,t and 
my own investigations, have shown me, that the commissures consist 
of white matter. Blattman denies that the longitudinal white fibres 
pass directly into the commissures ; these, according to the last named 
writer, only mingle with one another, without entering into any di- 
rect connexion. J 

Sdulbng has most fully- and ably examined the structure and 
connexion of the commissures, and at the same time criticised the 
different opinions of authors upon the subject, and to his work I 
shall therefore more particularly refer. § 

The anterior commissure is very remarkably distinguished from 
the posterior, by the crossing of the fibres in the former, as has been 
already represented by Stilling, of which decussation SchiUing in 
particular gives a very beautiful drawing. || I have constantly per 
ceived this crossing, and have given a drawing of it from the lumbar 
portion of a cow.^ The fibres, after crossing, turn round, run in 

the connexion between the reflex nerves and these longitudinal fibres, and 
consequently the multUaterality of reflexion, appears to be promoted. 

* Mikrosk. Anat., I. c. p. 412. 

t Neue Untersuchungen vber den Bau des Biickenmarks, Frankfort, 1856. 
1 Th., pp. 74 et seq. 

X Blattman, I. c. pp. 12, 22. § I. a. pp. 44 et seq. 

II I. c. Tab. r. I Fig. 11 J, c, d. 
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part, freely interlacing,* along the inner side of the anterior fissure 
into the white strands ;t in pa^ they pass into the inner margin of 
the anterior grey horn, where they mingle with the circular or mar- 
ginal fibres which proceed from the mimerons rays, J and from the 
grey matter, as we have above seen, divide in the white mednllaiy 
strands, and take np the longitudinal fibres. It is certain that these 
fibres do not pass directly into the roots of the anterior nerves. The 
statement that they do so had already been denied by Schilling, § and 
I, like him, have never been able to confirm it, although I have ex- 
amined very many beautiful preparations, where I could trace the 
radical fibres of the nerves to a great distance. These fibres must, in 
fact, be regarded as transverse commissures ; that is to say, their con- 
nexion with the fibres running from the rays along the margin of the 
horn, and the numerous rays spreading from the commissure along the 
•anterior fissure directly into the white -strands, 1| indicate that they 
probably take up longitudinal fibres, the influence of which they convey 
to the opposite side of the spinal cord. Here they pass into a group 
of ganglionic ceUs,^ which is not recognized by Schilling, but which 
I have above described, which group of ganghonic cells again seems 
to be more or less connected with the other groups present in the 
anterior horn. Through this anterior commissure, s therefore, is 
probably established the connexion between the motions of the right 
and left sides, which exercise so much influence on one another, for 
example in walking; as well as the greater or less difference or 
harmony between the movements of both arms or hands, in conse- 
quence of which it is so difficult for commencing pianoforte-players to 
move the fingers of the two hands dissimilarly, the fingers of the 
one hand tending to perform the same movements as the other. 
Hence, also, we can explain why Stilling, on dividing the spinal cord 
longitudinally in the line of the fissures into two parts, saw volun- 
tary movements take place in the frog, while the harmony between 
the motions of the extremities was interrupted.** 

The difference is greater, especially as to breadth, between the 
posterior commissures. In the inferior lumbar portion of the spine 
this commissure is very broad, and consequently contains many 



• Fig. U d. t Fig. 12, at/. 

I Fig. 11 /, Fig 12/. § I. c. p. 50. || Fig. 12/ 

H Fig. 11/ Fig. 12/. 

•* Untersuchungen Uher die Functionen des RUckenmarhs, p. 82. 
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fibres; higher in the back it is miich slighter; ia the superior 
cervical portion it again becomes broader.* 

The fibres of this posterior transverse conmiissure run parallel 
without crossiug ; those which are next to the central opening pass 
iuto a ganglionic group,t and I have ia several preparations observed 
these fibres to be of a somewhat lighter colour, as is represented in 
Kgs. 11 and 13. The others run partly across from the centre of the 
one side to that of the opposite, where they appear to terminate in the 
central group of ganglionic cells. J Here, as in a common central 
poiat, the reflex filaments, the marginal fibres of the posterior horn, 
and the posterior commissure unite, as we have above seen; the 
posterior fibres from this commissure pass directly into the marginal 
fibres, arising from the inner rays,§ so that something similar takes 
place here to what we have observed in the anterior commissure, 
without, however, the existence of any decussation. 

The fibres of the posterior commissure, appear here to run out into 
the different ganglionic cells, which iu the -spinal cord we may gener- 
ally regard as points of union of dissimilarly acting fibres ; as central 
poiuts, where nervous action is excited, to radiate thence into con- 
necting filaments and nerve fibres. Indeed, we have seen in the centre 
of the grey matter at the base of the posterior horn, a group of cells 
(Fig. 8 d e), which appears to be a common point for reflex action ; 
in this group of cells, that is to say, the reflex nerves radiate; into 
it converge the circular marginal fibres which surround the posterior 
horn (Eig. ^ hhK), and for the most part seem to spring from the 
external rays, I ; and finally the fibres of the posterior commissure 
also run into it, f, e, d. If we now consider that the posterior 
horn itself consists of minute longitudinal fibres, which probably 
serve to unite various groups of cells, with which minute fibres this 
middle ganglionic group, d e, is at the same time in contact, we can 
form an opinion as to what an important point of union is established 
by these cells, which in their turn again seem to be connected with 
■the group of cells in the anterior horn for motion (Kg. 12 kl). 

Between these two commissures the central canal is situated. It 
is a prolongation of the fourth ventricle, lined internally with epi- 

* See my Figs. 11 and 12, from the loins ; also Clarke, Phil. Trans., I. c. 
Tab. XX., Fig. 1 — 5, from the inferior portion of the loins and Tab, XXI. 
—XXV. Also Stilling, Med. Oblong., Tab. II. and III. 

+ Fig. 11^. I Fig- 8/, e, d. Fig. 12 A. 

§ Fig. 8/*. 
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thelial cells.* KoUiker says that it does not occtix- in man as a 
hollow canal, as in the foetus, but that its situation is occupied by a 
grey nucleus, formed of a central cylindrical or flattened streak of 
light-yeUowish colour, constituted chiefly of nerve-cells.t Schilling 
states that he has sometimes distinctly seen a canal in man,f and I 
found it even in the spinal cord of a woman aged seventy. I suspect 
that Kolliker has been deceived by hardening the spinal marrow iu 
chromic acid ; thus I have sometimes in sheep, and even ia cows, 
met with a coagulated substance, probably albumen, in the canal, and 
suspect, that in consequence of the strong action of chromic acid, 
the latter often either wholly contracts, or that its fluid contents (if it 
have such) become so firmly coagulated, that the canal is no longer 
recognizable. In thin laminse, after being somewhat hardened in 
spirit, and subsequently placed ia chloride of calcium, I have always 
found a canal here, which is, moreover, wider and much more distinct 
in cows. 

In now reflecting on what has been said, I think I may draw the 
following conclusions from my investigations : — 

1. The ganglionic cells, especially in the anterior horn, are con- 
nected with one another by more or less ramified fibres of communi- 
cation, and thus form more or less distinct groups. 

2. Prom the ganglionic cells, especially in the middle and anterior 
parts of the anterior horn, arise the motor nerves, which unite at the 
margin of the grey matter into one, or commonly two or more nerve- 
roots close to one another, and now leave the spinal cord in a trans- 
verse direction, in order to compose the roots of the motor nerves. 

3. Along the outer edge of the anterior horn run marginal fibres 
or filaments, which take their origin from the rays dividing among 
the longitudinal columns, and are connected with the ganglionic cells, 
situated in great number along the outer edge of the anterior horn. 
These cells are again connected with others more deeply placed, and 
so eventually with the group of gangKonic cells, whence the motor 
nerve arises. 

4. The anterior longitudinal columns consist of white, mostly 
parallel, medullary fibres, which pass into the transverse rays just 
mentioned, and so convey the orders of the will to the ganglionic cells 

• Fig. 11 o, Fig. 12, t Mikrosk. Anat., I. c. p. 411. 

J ;. e. p. 42. 
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in the grey matter ; tte longitudinal fibres, wMcli are situated next 
the grey horn, curve directly, in order to pass into a ganglionic 
ceH. 

5. The posterior nerve-roots contain two sorts of filaments, those 
for proper sensation and those for reflex action. Hence the posterior 
nerve-roots are also much thicker than the anterior. 

6. The nerve-roots for sensation pass, immediately after their en- 
trance into the spinal cord, upwards along the posterior columns, in 
order to repair to the brain, or the seat of perception. They do not 
penetrate the grey matter.* 

7. The other filaments for reflex action, pass across towards the 
posterior horn, and among the longitudinal fibres or columns form 
several plexuses ; in part they press through the scattered gelatinous 
substance of the posterior horn, to the middle of the grey matter, 
where they appear to pass into gangHonic groups ; perhaps they also 
give some filaments to the marginal fibres, which everywhere as a 
band surround the grey posterior horn, t 

8. These marginal fibres arise in great part from the nerve rays, 
which from the posterior horn spread in the medulla j they surround 
the horn, and at its basis curve from either side towards the centre 
of the group of ganglionic ceUs, in which also the reflex nerves ter- 
minate. Among these marginal fibres, several, for the most ,part ob- 
long, ganglionic cells are scattered ; some ganglionic ceUs are met with 
also in the gelatinous substance, especially nearer to the centre. 

9. The posterior horns of the grey matter consist chiefiy of very 
fine longitudinal fibres. Now, as the former in the cervical and 
lumbar bulbs are at least five or six times thicker than in the dorsal 
portion of the spinal cord, it follows that the latter are in these parts 
present in much greater number ; whence it would appear that they 
do not run through the whole spinal cord, but for the most part ter- 
minate in the cervical and lumbar expansions, where the majority of 
reflex actions and movements are excited and combined ; they appear, 

* It is, however, not improbable, that the sensitive nerves are lost 
towards the posterior horns in the grey matter in ganglionic cells ; whence 
fibres arise, which cross through the posterior commissures, and on the 
opposite side as posterior rays repair in the medulla upwards as sensitive 
filaments to the brain. 

t The reflex filaments are in this case, at least in part, the ascending 
fibres which at difierent heights again repair through the posterior horns 
to the ganglionic cells of the anterior horns. 



38 STRUCTURE OF THE SPINAL CORD. 

therefore, through their longitudinal direction, more or less to unite 
several groups of cells placed, above one another, and thus to form 
longitudinal filaments of communication. 

10. The posterior commissure, consisting of white fibres, passes in 
paxt iato adjoining ganglionic ceUs, partly into the cells ■which are 
present in. the centre of the grey matter, while again some fibres are 
connected with the marginal fibres around the posterior horn. 

11. The anterior commissure forms a decussation j its fibres push 
forward in order in part to terminate directly as rays among the 
inner and anterior longitudinal columns ; in part they proceed to- 
wards the inner edge of the anterior horn, where they pass into the 
marginal fibres, which take, as we have above seen, their origin from 
the rays. 

12. The fibres of both the anterior and posterior commissures are 
not directly connected with the nerve-roots, though they are probably 
indirectly connected with the anterior ones by means of the imiting 
filaments between the several ganglionic groups, and both commis- 
sures consist of white fibres. 

13. In the spinal cord a central canal may always be found, Hned 
internally with epithelial ceUs, and sometimes appearing to contain 
an albuminous fluid j in man it seems to be narrower than in most 
animals. 
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PHYSIOLOGICAL RESULTS. 



Having endeavoured to explain, as accurately as possible, and to 
reduce to a system, the principal points relating to tlie structure and 
mutual connexion of the parts of which the spinal cord is composed, 
I believe it mil not be unprofitable to refer to certain physiological 
principles in confirmation of what has been advanced, and at the 
same time to deduce and explain the mode of action in the medulla, 
spinalis. 

1. I have, by the most satisfactory observations, fully proved that 
the motor nerves take their origin in the spinal cord, and more 
particularly from the multi-polar ganglionic cells of the anterior grey 
horns. The estabhshment of this fact was the more important, as 
the valuable investigations of Wagner, illustrated by Ecker, referred 
to the electrical ray, and it has not yet been shown how far they 
can be applied to the spinal cord itseK. Schilling's descriptisn is 
equally imsatisfactory, although he, as well as Gratiolet, states that 
he has clearly seen the connexion with the motor nerves. It is, 
however, not dif&cult to show that KoUiker's idea, referring the 
origin of the motor nerves to the braia, is liable to extraordinary 
dif&culties, which make such an opinion in itself improbable. 

If we examine a muscle, the biceps for example, or any other 
muscle of some size, and trace the motor nerves distributed to 
it, the slightest microscopic examination wiU suffice to show that 
the branches of the so-called perforans Casserii, which pass into the 
biceps, contain several hundreds, nay, thousands of primitive fila- 
ments ; from the same nerve the brachialis anticus also receives its 
motor nerves, whereby this number is again considerably increased. 
The peculiarity, however, of these muscles is, that we cannot move 
either separately ; they form one of those systems, of which some stiU 
more extensive examples are to be found in the body ; it wUl suffice 
to mention the rectus, cruseus and vasti. When we bring the first- 
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mentioned muscles into action, all the fibres belonging to the system 
to which they belong become proportionally tense j we are not able 
to flex the biceps and to leave the brachialis anticus relaxed, or vice 
versa; but whether it be with slight force, or whether it be with a 
violent effort, the influence of our will is proportionately communi- 
cated to all the muscular fibres, — a cooperation absolutely necessary 
to enable the muscles to render us the service of which they are 
capable. The power of producing a partial contraction of some 
muscular bundles would have been perfectly useless; because, in 
these muscles a part could ha,ve no other action than the entire 
organ, namely, to flex the forearm; the orders of our will must, 
therefore, be uniformly distributed over all the muscular nerves 
entering into the brachialis anticus and biceps. Now, if aJl these 
muscular nerves proceed along the spinal cord to the brain, and, in 
fact, to the point where our wiU acts, the latter must always uniformly 
influence these thousands of nerve-fibres ; but still it remains un- 
explained, why our wiQ should not be able to act more strongly on 
some nerve-fibres than on others, as it can act on different muscular 
nerves, and why we should not have the power, for example, of 
bringing into action the one half of the biceps, or the biceps alone, 
leaving the brachialis anticus relaxed. 

Nature has, however, in my opinion, arranged this with much 
greater simplicity and certainty. All the muscidar nerves, destined 
for the biceps and brachialis anticus, arise from a group of multi- 
polar ganglionic cells, which are mutually connected. If now this 
group receives an impression or stimulus from our will, by means of 
one or several conducting filaments derived from the brain, this 
impression appears to be distributed equally to, and to excite to the 
development of force, all the multi-polar cells of the group, by means 
of numerous filaments of communication ; the consequence of which 
is, that all the nerve fibres derived from the group are excited with 
an uniform force, which is transmitted to aU muscular fibres receiving 
nerves from the same group, whence must result an uniform and 
simultaneous action and contraction of all muscular fibres of the 
biceps and brachialis anticus, so that we are unable during their con- 
traction to leave a portion of these muscles inactive. We may, 
therefore, regard such a group of ganglionic cells as a battery of 
Leyden jars connected with one another ; the electric force is divided 
uniformly over aU the united jars, and all are at the same time uni- 
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formlj discharged, as a conductor alone is necessary to enable aU to 
be charged alike.* 

2. According to this view, not only is the iiniform and simultaneous 
action of aU the fibres of a muscle explained, but the structure of the 
spinal cord is rendered plainer and more iateUigible. Thus if a 
stimulus, communicated to such a group of ganglionic cells, dififuses 
itself uniformly over the whole group, the number of medullary fila- 
ments, which-convey the orders of our will to the group, may be 
very small. Theoretically we might even imagine that there was 
but one conducting filament ; I do not, however, beheve that nature 
would intrust such an important action, as that of a considerable 
muscle, or even of a system of muscles, to one single and delicate 
nerve filament ; but certainly we may suppose that the number of 
conducting filaments which arise from the brain and run down- 
wards along the anterior and lateral columns, to unite with a 
group of ganglionic cells, need not be great ; this number may there- 
fore be extremely small in comparison with the number of nerve- 
filaments, which arise from the group of cells and divide as a nerve- 
in the muscle ; and hence is at once explained the disparity between 
the mass of the anterior and lateral columns and that of all the 
motor roots together, which disparity is not adequately accounted for 
by KoUiker's calculations. If we only consider, as Todd and Bowman 
have already observed,t that in the fibres composing the anterior 
pyramids, and passing through the pons VaToHi to the crura cerebri, 
all the nerve-filaments must be comprised which bring into action the 
muscular bundles and muscles of the entire body, a disparity presents 
itself which cannot be explained by the varying minuteness of nerve- 
fibres, since this difference is not nearly so great. 

Hence it follows, therefore, that the number of medullary longitu- 
dinal fibres, passing as conductors of the orders of our wiU from the 

* Although it cannot be anatomically demonstrated, as we cannot trace 
all the multitudinous decussating filaments in the anterior horns of the 
grey matter, it must be inferred that such groups are, to a certain extent, 
isolated from the adjoining ones, as otherwise the separate movement of a 
muscle would be impossible. For this reason we cannot consider the gan- 
glionic cells as constituting connected columns, running along the whole 
length of the spinal cord ; but they must be divided into so many different 
groups, as there are separate systems of muscles or muscidar movements 
in the body. 

t Phys. Anat, Part II., p. 329, and Cyclop. ofAnat. and Phys., Vol. III., 
p. 722 D. 
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brain to the several groups of ganglionic ceUs, may be relatively 
small. They must, in fact, be in proportion to the varying number 
of ganglionic groups in the anterior horns, and this number of different 
ganglionic groups must depend upon the several distinct movements 
which we can accomplish either with different muscles, or even some- 
times with parts of a muscle, for example, the separate divisions of 
the pectoralis major. Consequently there will, according to my 
view, be one considerable group of ganghonic cells in the lumbar 
portion of the spiaal cord for the rectus, the vasti, and the cruraeus ; 
one group for the gastrocnemius and soleus, &c. ; and thus the 
number of ganglionic groups shall scarcely amount to much more 
than the number of muscles existiag in the body. If we now com- 
pare the thickness of the antero-lateral columns of the spiaal cord in 
transverse sections at different heights, we shall ftad that the small 
number of conducting filaments ascending from each group, will but 
slightly increase the thickness of the antero-lateral columns upwards. 

Posteriorly we have, however, seen that the proper sensitive fila- 
ments, after their entrance into the spinal cord, inunediately curve 
upwards to constitute a part of the posterior columns ; the posterior 
and postero-lateral columns must consequently contaia as many nerve 
filaments as there are nerves of sensation. In the ascending series 
of transverse sections, therefore, the posterior and postero-lateral 
columns must become much thicker as we proceed upwards, by the 
constant addition of sensitive nerves, than is the case with the an- 
terior. 

If we now compare from this point of view the plates of Arnold,* 
which are very accurate, we shall see that in the superior divisions 
of the spinal cord the postero-lateral columns are very much in- 
creased in mass, while the sections of the antero-lateral columns are 
only very little thicker, so that the structure of the spinal cord quite 
corroborates my theory. 

3. I have considered it to be established that for every separate 
movement a special group of ganglionic cells must be present, whence 
aU the nerve-filaments arise which go to a muscle, or to a system of 

• Tabid. Anat., Tab. I. and II. If we compare, for example, from Fig. 26 to 
23, which contains the lumbar bulb, with from Fig. 20 to 16, containing the 
cervical portion of the spinal cord, the difference at once strikes the eye. 
Longet has also, though without mentioning Arnold, tolerably faithfully 
copied these figures. Anat. et Physiol, du SysUme nerveux, Tome I., PI. II. 
See also Stilling, Med. Oblongata, Tab. I., Fig. 1, compared with Tab. II., 
Fig. Z and 4. 
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muscles always acting simiiltaiieously. The greater, therefore, the 
mimber of differently acting muscles is, so much the more numerous 
must be the various ganglionic groups in the anterior horns of the 
spinal cord, in order to represent these muscles and to produce their 
several actions. The consequence of this mU be that in such situa- 
tions the anterior horns of the grey matter must be broader and 
larger, and contain a greater number of multi-polai cells, than where 
only a small number of different muscular actions is governed by the 
spinal cord, or where the number of muscles is less. In the lumbar 
bulb, whence the nerves for the legs, and ia the cervical expansion, 
whence the nerves for the arms arise, the anterior horns must there- 
fore be broader and more massive than in the dorsal portion, where 
the action of the intercostal and abdomioal muscles does not comprise 
by any means so many different muscles, and where so many different 
movements do not take place as in the extremities. Accordingly, if 
we refer to Arnold's plates, we shall see that precisely in the lumbar 
bulb* and in the cervical portionf the anterior horns are broad, 
while those in the dorsal portion,} on the contrary, are remarkably 
slender and small. § On microscopic examination, I have also 
found that in the dorsal portion the number of ganglionic cells is 
much less, or as Clarke has correctly observed, that the number of 
gangKonic cells is in a direct ratio to the size of the motor nerves 
passing from the spinal cord.|| 

My suggestion as to the use and mode of union of the ganglionic 
cells iu groups therefore explains at the same time the difference in 

" PI. II., from Fig. 26 to 23. t I- c. from 20 to 16. 

: I. c, Fig. 22 and 21. See also Stilling, Med. Obi, Tab. I., Fig. ] and 
Tab. II., Fig. 3, contrasted with Tab. II., Fig. 2 and 4. 

§ In accordance with this the transverse rays from the anterior horns, 
in the white medulla, are more numerous in the lumbar and cervical ex- 
pansions than in the dorsal portion of the spine ; as a larger number of 
groups of ganglionic cells wiU require more numerous connexions with the 
antero-lateral columns as conductors of the orders of the will. 

II Phil. Trans. I. c. p. 614. In like manner, it is easy to understand why, 
as Gratiolet already observed (see above, p. 22.), the ganglionic cells 
in large animals are larger and more numerous in the anterior horns. If 
the special nerve-filaments for the muscles take their origin from these 
ganglionic groups, the ganglionic cells, whence they arise, must, as thicker 
muscles receive more numerous nerve-filaments, give off a greater num- 
ber of filaments, and therefore form larger and more distinct groups than in 
small animals, where the nerves are slighter and the ganglionic cells are 
consequently smaller and give off fewer filaments. ; 
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the thickness of the anterior horns and of the spinal cord in the several 
situations, and in connexion with the muscular nerves which leave 
the cord. 

4. If we compare the spinal cord in different animals, we shall 
find a confirmation of what has been advanced. Although I had 
neither time nor opportunity to examine the spinal cord microsco- 
pically in any great number of animals, — an undertaking which might, 
indeed, be productive of extremely important results, — I have endea- 
voured to investigate this organ more closely in some animals, where 
it appeared to me a great difference existed. ~ The sHghtness of the 
spinal cord in certain, fishes especially attracted my attention. Having 
had the opportunity of dissecting a sturgeon [Aeyaenser shtrio) of 
about one hundred and twenty pounds' weight, I was extremely sur- 
prised to meet with a spinal cord, which was scarcely thicker than that 
of a frog, while the muscles of the animal constituted by far the 
greater bulk of the body, and the thickness of the muscular mass 
far exceeded that of the thickest muscles of a man.* The roots, tooy 
of the nerves, which proceed from the spinal cord, are in this fish 
extraordinarily slight, being only about equal to a bristle in thickness. 
I was very much surprised to meet scarcely any grey matter in its 
spinal cord, nor was it until after a lengthened search that I dis- 
covered some ganglionic cells j the nerve-fibres in the cord were, 
however, not very minute, they were even much thicker than in 
man. 

This want of proportion between the thickness of the spinal cord, 
which was about equal to that of a frog, and the extraordinary size 
of the muscles, seems to show that no relation exists between the thick- 
ness of the cord and the muscular power of an animal, as I should have 
supposed. But the smaU number of ganglionic cells, and the small, 
scarcely distinguishable, quantity of grey matter present in the spinal 
cord of this fish, surprised me very much. If, however, we reflect 
on the mode of life and motions of the animal, this peculiarity is im- 

• The same tenuity is presented by the spinal cord in the shark, the 
plaice, the pike, and other fishes. On account of its softness and the 
grisat superabundance of fat it is very difScult to examine the minute 
structure of the spinal cord in fishes ; I found many thicker nerve-fibres 
with a distinct cylinder axis of 0-005 mm. and slighter ones of O-OOIS mm. 
in thickness. The ganglionic cells in the sturgeon were very transparent, 
connected by intermediate filaments ; in this fish they were 0'0204 and 
0-0255 mm. in breadth, by 0-0080 mm. in length. In the pike, too, I have 
met with those ganghonic ceUs in the spinal cord. 
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mediately explained. The movements of the sturgeon, in fact, present 
but very little variety ; it strikes to and fro Tvith its tail as well 
as with its fins, it curves its body to one side or to the other, but 
the numerous combinations of the muscles of the extremities of the 
higher animals, and especially of man, where extensors and flexors 
are at the same time or alternately in action, do not here occur. The 
animal does not therefore need many groups of ganglionic cells and 
their several combiaations for harmonized movements ; while, more- 
over, in consequence of the considerable length of the spinal cord in 
these fishes, the cells appear to be very much separated in the longi- 
tudinal axis of the cord, so that often on a transverse section no 
ganglionic cells can be found. 

If we compare, in this respect, the spinal cord of a frog, we shall 
find that the latter scarcely differs in thickness from the same organ 
in a sturgeon of one hundred and twenty pounds' weight. The grey 
matter with its four horns is here distinctly present, iu which 
numerous, although small ganglionic cells, are found ; but in the 
spring of this animal we meet a much more complicated play of 
muscular action, as many different muscles contribute to accomplish 
the jump. 

Hence we see, that in animals likewise the statement is confirmed, 
that the more complicated their movements, the more numerous 
will be the ganglionic cells with their several groups, and the thicker 
will be the anterior horns and the mass "of grey substance in the 
spinal cord. 

5. I have above shown that the sensitive roots divide, after their 
entrance iato the spinal cord, into ascending bundles, passing up- 
wards with the longitudinal columns ; and into transverse, which, 
dividing into different fasciculi, proceed towards the posterior horn 
of the grey matter, and after having perforated the latter, appear to 
be in great part gradually lost in the group of ganglionic cells, 
situated in the middle of the grey matter between the horns, and in 
these last I have in fact recognised reflex nerves. I cannot, how- 
ever, wholly agree with Marshall HaU, who assumes excito-motor 
nerves, that is special nerves, said also to accomplish the motions 
caused by reflexion. This is an hypothesis which is based on no 
certain foundation ; it is sufficient that the roots of the motor nerves 
Teceive the stimulus to action from the group of ganglionic cells, 
whether this be communicated through the will. from before, or 
through the reflex movements from behind. 
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According to tlis idea we may therefore consider the groups of 
ganghonic cells as constitutirig a battery with two poles, or rather 
capable of being charged from two sides ; the one pole is connected, 
by means of the lateral rays, with the filaments which conduct the 
orders of our will, the other pole, by means of different combiaations 
of ganglionic cells, with the reflex nerves, so that a group is capable 
of receiving both psychical and physical stimuli. -As, however, the 
posterior roots, in this case, cbntaiu two kinds of nerves, those, for 
sensation and those for reflex action, it is not surprisiag that they 
should be thicker than the anterior roots, as is universally admitted. 
This thickness of the roots differs then by about the.haK; according 
to KoUiker the sum of the surfaces of transverse 'section of all the 
motor roots is to that of the sensitive roots in man as 6"9 to 15"6, 
iu woman as 6'5 to 13*4,* which must depend on the different size 
of the body and thus on the extent of the sensitive skin. 

According to this view, therefore, reflexion takes place not by 
springing over, or transverse conduction, but along fixed routes, 
whereby the reflex action is regulated. 

By comparing this with what we have already stated as to Wagner's 
views, it will be seen that the latter writer differs from the opinion 
I have advanced only in assuming the existence of sensitive fibres, 
passing transversely in the posterior horns into ganglionic cells. It 
seems to me that there is httle probability in this idea ; as I have 
been unable to discover any difference ia these transverse posterior 
loots, and as they perfectly resemble one another, it would naturally 
follow that they must all be classed either among reflex or among 
sensitive nerves. We can hardly admit the existence among them of 
two so different kinds of nerve filaments as those for sensation and for 
reflex action. Moreover, I doubt this connexion of proper sensitive 
fibres with the posterior horns, because irritation of the grey matter 
in the spinal cord by strychnia, which gives rise to great congestion 
in the posterior horns, excites no pain. Lastly, I have shown that 
the ascending grey fibres in the posterior horns, at least for by far 
the greater part, do not run through to the braiu, as the posterior 
horns become so slight in the middle of the back that most of the 
ascending fibres have in this situation disappeared. However, I 
freely admit that the question is stOl wholly undecided whether, 
when reflex sensation or sympathetic sensation takes place, the proper 
sensitive filaments first communicate their action to one another in 
• Mikrosk. Anat., I. c. p. 433. 
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the seat of perception in the medulla oblongata by means of gangli- 
onic cells, as appears to me to be most probable, or whether they 
stand in more intimate connexion with the posterior grey horns and 
the spinal cord. I should be rather inclined to assume, that the 
transverse rays which spread from the posterior horns into the posterior 
white columns, are capable of accompKshing some closer connexion 
between these parts, although, on account of the insensitive nature 
of reflex action, this is not clear to me; perhaps they give us the 
knowledge of reflex action. The very large number of slender 
ascending fibres in the posterior horns does not appear to me to 
render this explanation of the phenomena of reflex action improbable. 
We must remember that in a somewhat irritated condition of 
the spinal cord every sensitive point of the skin conveys, its stimulus 
to all parts of the cord, and for this an infinite number of fibres is 
required, adequately to produce a proportionate connexion with the 
several ganglionic cells. 

Finally, Wagner explains by the same reasoning the presence of 
reflex fibres m the posterior roots, whereby the thickness of the 
latter is increased, as I have above more fully considered. This point 
I have ia my contributions published ia 1848, on the structure of the 
spinal cord, endeavoured to confirm by the same and by additional 
proofs.* Wagner, therefore, also admits the reflex motor nerves of 
Marshall Hall. 

Of the anterior columns this writer, too, assumes that all fibres 
enter into the great masses of ganglionic cells in the anterior horns, 
and are not in direct coimexion with the brain. Thus also he lays 
down that the anterior columns arise from fibres of the anterior 
gangKa,t although he appears to me not to have recognised the 
exact connexion of the transverse rays. I cannot, however, wholly 

* ifotesotth.eSeciionalMeetingaolt'heProvmciaalUtrecfdschGenootschap, 
1848, p. 13. See also above, p. 10. 

I have not the least doubt that these contributions in the notes of the 
transactions of the section of the Provincial Society of Utrecht for 1848, 
were unknown to B. Wagner, although most of his ideas occur in them ; 
as these notes are circulated only among the members, and their transla- 
tion into the Swedish Journal probably did not come under the notice of this 
distinguished writer, whom I esteem much too highly to entertain for a 
moment the least doubt upon the subject. However, this independent and 
close agreement of ideas is a strong testimony in favour of their truth, and 
this is much more important than the questions of priority, so commonly 
agitated in our days. 

t I. u. p. 38. 

F 2 
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agree with Wagne/s position that the reflex filaments pass from 
behind directly into the anterior multi-polar ganglionic cells, whence 
the motor nerves arise. T think that they are first connected with 
smaller cells situated between both homs, and thus indirectly with 
the motor ganglionic cells, by which it is probable also that the too 
rapid development of reflex phenomena is restrained. 

Subsequently Wagner^ adds the important proposition, that we 
never, or at least extremely rarely, can bring iato action single 
prmutive fibres ; but that we always act upon groups of primitive 
fibres ; several multi-polar ganglia being in the case of larger muscles 
connected with a group,* a statement which quite agrees with that 
I have above advanced ; yet even with respect to smaller muscles, I 
believe that a single ganglionic cell does not give out sufficient fibres. 

Lastly, Wagner puts it forward as doubtful, whether the fibres 
conveying voluntary stimulation to the muscles, and arising from the 
brain, unite with a peculiar system of ganglionic cells in the spinal 
cord and medulla oblongata, or whether the ganglionic cells with 
reflex motor fibres serve this purpose, of which he holds the latter 
opinion to be the more probable, iaasmuch as the will can suppress 
the reflex phenomena. I believe that, by the discovery of the con- 
nexion of the transverse fibres radiating from the anterior homs with 
the longitudinal anterior columns, I have anatomically decided this 
question. 

6. I have above remarked that most probably the longitudinal 
slender flbres of the posterior horns consist of filaments of communi- 
cation, connecting the several groups of ganglionic cells with one 
another. In this manner, in my opinion, the difficult theory of 
reflex action is much simplified, as the reflex nerves pass between 
these longitudinal filaments, perhaps partly pass into them, and the 
latter are probably connected with the same gangUonic groups, in 
which the reflex nerves terminate ; for otherwise, as I have already 
observed, it is difficult to understand how the posterior horns should 
be so much slighter and smaller ia the dorsal than in the lumbar 
region,t and consequently contain fewer longitudinal fibres, which 
applies also to the enlarged cervical tract and the higher part of 
the neck. J By reflex action the muscles are now first brought 

• /. V. p. 39, note X. 

+ See Stilling, Med. Oblong., PI. I., Fig. 1, compared with PI. II., Figs. 1 
and 2. 

t Stilling, I, c, PI. II., Fig. 8, compared with Fig. 4. 



THEORY OF REFLEX ACTION. 69 

into motion, the nerves of •which arise nearest to the reflex nerves, 
where, therefore, the excitation of the reflex nerve or of some of its 
filaments, has the shortest way to run from the posterior horn and 
the centre of the grey matter to the motor cells of the anterior root, 
both the anterior and posterior root uniting to form a mixed nerve.* 
Thus, in a very young child, not only does tickling the inside of 
the hand produce bending of the fingers, on account of the median 
nerve, which gives muscular branches to the flexors of the fingers 
and sensation to the inside of the hand, but in like manner tickling 
the back of the hand produces extension of the fingers, by reflex 
action on the musculo-spiral nerve, as I have elsewhere shown.f 
But if the irritation be more severe, or if the spinal cord be in a 
more irritable state, remote groups of muscles are also brought into 
action. 

This last phenomenon appeared in fact to involve the explanation 
in almost insuperable diificulty, on which account Volkmann felt 
himself inchned to assume a transverse conduction or overleaping, J 
in the main poiats of which KoUiker coincides. § It seems to me, 
that in the view I have proposed, these difficulties are for the most 
part removed, and that the explanation is rendered more easy. Let 
us suppose a simple case; for example, that a person unexpectedly 
burns his, finger; so soon as he perceives it he will draw his hand 
quickly back; this is not altogether voluntary; he would do the 
same if in an unconscious state, for example, when under the in- 
fluence of chloroform, or even in sleep. Now what takes place ia 
this case ? The forearm is flexed, and at the same time the hu- 
merus is drawn back, that is, the biceps and brachialis anticus enter 

* See also Volkmann, Nerven-phys., I. e. p. 532. Thus reflex phenomena 
may take place, when the sensitive and motor nerves are connected with 
only a segment of the spinal cord. See Volkmann, I. c, p. 543. This 
proves very clearly the close connexion between the anterior and posterior 
nerve-roots on the same level. 

t On the connexion between the sensitive and motor nerves : Tijdschrift 
der Wis- en Natuurk. Wetensch. van de Eerste Klasse van het Kon. Ned. Inst. 
1847. In this manner,the close connexion between the course of the sensitive 
and motor nerves which are united in the same trunk, is easily explained ; 
so that, according to the above-described law of distribution, an irritation 
of the skin causes reflex action first in the muscles," with whose motor 
nerve that of the sensation unites into a trunk. See above, p. 7. 

X Nerverirphysiol., I. c. pp. 528 et seq, and 547. 

§ Mikrosk. Anat., I. c. pp. 442 et seq. 
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into action for the first, the latissimus dorsi and teres major for the 
second movement. But there is now no difficulty in supposing that 
the reflex nerves, which are given off with the sensitive nerves of the 
finger, through their combination in the spinal cord, irritate the group 
of ganglionic cells whence the nerves are derived which excite the 
biceps and brachialis anticus, and at the same time the group of 
cells, from which the nerves for the latissimus dorsi and teres major 
arise. Thus through a combination of connecting filaments by means 
of ganglionic cells, wherein the reflex nerves terminate, both groups 
are sicaultaneously stimulated, and so both movements are combined. 
If the irritation is severe, or if the spinal cord be more than ordi- 
narily sensitive, the stimulus may bring several muscles into action ; 
for example, when a decapitated frog takes a jump on the ap- 
plication of a stimulus to the hind-foot or toe, several groups of 
ganglionic cells are brought into action through the reflex nerves, 
which groups are more or less connected with one another, and the 
movement becomes a combined or harmonized one, a jump. Here 
we must bear in mind, that a certain amount of irritation is necessary 
before reflex motion takes place ; that is, the cells, wherein the re- 
flex nerves appear to terminate, must be excited to a certain extent ' 
before they communicate the action which has been developed to the 
neighbouring group of cells, whence the muscular movement is im- 
mediately accomplished; they are like _ Ley den jars which must be 
charged before the spark passes. Remote or higher situated reflex 
cells, which probably are connected by means of longitudinal fila- 
ments of communication in the posterior horns with those which are 
directly stimulated, shall, therefore, not be so rapidly excited to 
action, or, to • keep to the simile, become charged, as those which 
receive the stimulus directly from the reflex nerves ; and hence it is 
that almost always, as VoUanann remarks, the next adjoining muscles 
are the first to be moved.* But if the whole spinal cord be in a more 
highly irritated condition, and if the reflex cells be, as it were, more 
highly charged, only a slight stimulus is necessary to produce a uni- 
versal discharge, and more general reflex movements take place, as 
in convulsions, epilepsy, or after the administration of strychnia. 
This excitation occurs almost always in consequence of a greater de- 
termination of blood (congestion), or as a result of the blood being 
poisoned, for example, by strychnia. Now, if we give a dog strychnia, 
this drug, as is well known, and as I found in experiments made for 
• Nerven-phys., I. c. p. 544, No. 10. 
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this special purpose, is taken up into the blood, aud the blood so 
poisoned is in constant contact with the grey matter of the spinal 
cord, which is so rich iu vessels,* and stiU the convulsions which 
take place are intermittent. 

Suddenly, without any previous symptom, the dog falls, becomes 
convulsed, or makes involuntary movements ; but these cease after 
some time, and now the animal appears to be again perfectly well. In 
such a case I have seen intervals of even more than an hour, in which I 
could touch and stroke the dog, while he ran round without any 
appearance of injiiiy, until the sensibility had again become so great, 
that even the simple blowing of air upon him excited convulsions. 
Thus notwithstanding that the grey matter was incessantly in a state 
of interchange with the poisoned blood, the convulsions were not 
constant, and it was not until after a tolerably long interval that the 
susceptibiHty was sufficiently restored to reproduce them. 

We see the same in epUepsy : if a severe attack has taken place, 
the patient is usually free for a long time, if a shght attack ensues, 
a second often occurs after a short interval ; in the latter case only 
a partial discharge had, as it were, occurred, so that it was not 
until a second rapidly followed that the equihbrium could be -re- 
stored, t If the excitabihty is exalted, as in childreli, only a slight 
stimulus is often required to produce general reflex phenomena, that 
is, convulsions ; if a more remote group of ganglionic cells is excited 
to a higher degree, a remote stimulus through a reflex nerve, dis- 
tantly connected with this group by means of filaments of communi- 
cation, will be able to produce reflex movements in it, as is sometimes 
the case in hysterical affections. 

7. We have, however, above seen, that the groups of motor cells — 
as I win designate them for distinction's sake — ^whence the motor 
nerves arise, possess as it were two poles, that is they are connected 
on the one side with the conducting filaments of our wiU (anterior 
columns), posteriorly with the reflex nerves by means of other 
ganglionic cells. Now if these reflex nerves are connected through 
communicating filaments with several groups of motor cells, so that 
by reflex action a harmonized movement, for example, a jump, takes 

* See Ecker, de Cerebri et Med. Spin. System. Vat. Capill. Traj. ad Rhen, 
1853, pp. 60 et seq. Fig. IX. 

t It is, perhaps, to this cause that we should attribute the periodicity of 
so many phenomena which appear to stand in close connexion with the 
spinal cord, as agues, febris larvata, &c. 
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place, we may assume that hj means of the anterior conducting fila- 
ments of volition, the groups are most easily brought harmoniously 
into action, whereby a combined or coordinated movement is pro- 
duced. Now we have indeed the power of voluntarily moving a 
separate muscle, for which separate conducting filaments may exist, 
but we can with equally little exertion or consideration bring into 
action several groups of muscles, of which a step, a coordiaated move- 
ment is the result, and this is probably produced by a prearranged 
connexion, by means of the communicating filaments of several 
groups, which are affected as by reflex action.* The cause of the 
coBrdination of muscular movement is therefore situated, as VoUcmann 
correctly supposed, in the spinal cord, and it has always been in- 
comprehensible to me how any one could ever have referred it to the 
cerebellum. If the cause of this coordination lay in the cerebellum, 
no harmonized reflex movements cpuld take place in a decapitated 
frog. 

The experiments of Mourens, Hertwich and others are, in. my 
opinion, easily explained; the motor fibres pass from the corpora 
pyramidalia through the pons Yarolii to the crura cerebri ; they here 
decussate with the transverse fibres of the pons, and between both 
lies, as I have satisfied myself by microscopic investigations, a thin 
layer of grey matter,t containing small multi-polar ceUs. If a part of 

* That the production of harmonized movements, for example, taking a 
step, is referrible to the organization and action of the spinal cord, that is 
to different intimate connexions of certain groups of ganglionic cells, and 
therefore may be said to be prearranged in the structure of the. cord, will 
appear extremely probable, if we watch a very young child, which when the 
mother takes it up in her lap, very early begins to make the regular move- 
ment of a step, alternately with the right and left foot ; and we see this 
still more clearly in a young chicken, which runs off immediately after 
leaving the shell. Different combinations of muscular action arejiecessary 
for the taking a step, which are not learned by study and practice, ending 
after many failures in a successful election ; but the combination which is 
required for the purpose must already exist, organized, and, as it were, 
prearranged in the spinal cord, so that a single impress is sufficient to 
bring this combination into action. Our mind knows neither the muscles or 
instruments, nor their number or situation, through whose combined 
action it produces a step. What study it would require, if out of all the 
possible irregular muscular movements of which the leg is capable, we 
were obliged, by practice, to learn to combine those, which produce a 
step. 

t Ecker, Diss, de Cerebri et Med. Spin. Syst. Fas., 1. p. 58, Fig. VII. 
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the cerebeUum be now taken away, tbe violent irritation so produced is 
reflected by means of the transverse fibres on the corpora pyramidalia, 
and irregular movements are the result. If the cerebellum were the 
seat of coordination, regxdar movements would of necessity ensue on 
irritation of that organ. But in ulceration of the cerebellum, when 
the irritation is more chronic and not so violent, I have never seen 
irregular movements arise. 

I think, therefore, that the difficult phenomena of reflex action 
may be satisfactorily explained by the theory of special groups of 
motor cells and of reflex cells, and the varying degrees of connexion in 
which these are placed with one another by means of their communi- 
cating filaments. 

This view also supplies an explanation of Schilling's singular 
observation, that of the transverse roots of the posterior nerves in 
the grey matter, some bundles curve upwards but others downwards.* 
Were these sensitive nerves, there could be no possible reason for their 
curviag downwards ; whereas if they are refiex nerves, it follows from 
the nature of the case that some bundles may and even must be in 
connexion with cell groups situated above, and others with cell 
groups placed beneath them, and consequently they must curve 
towards the latter.f 

8. Lastly, we have seen that the commissures, connecting the right 
and left sides of the spinal cord, appear to participate more or less 
in the production of the reflex phenomena. It has, in fact, been 
shown, that the fibres from the posterior commissures run for by far 
the greatest part transversely, and in the middle between the two 
grey horns are lost partly in the same gangKonic groups, in which the 
reflex filaments also disappear, and seem partly to terminate in the 
small groups of ganglionic cells situated at the side of the central 
canal.J There is, therefore, every probability that the fibres of the 
posterior commissures serve for lateral reflex action, and are conse- 
quently capable of transferring to the opposite side the impression 
received in the groups of reflex cells, while those of the anterior 

• Schilling, I. c. p. 31, Tab. II., Fig. 1 e. 

t On this subject I would further remark, that the very division of the 
reflex nerves into slender fasciculi in the posterior horns, such as I have 
shown both in transverse sections. Fig. 8 g g, and in longitudinal, Fig. 
9 a a a, appears to indicate their passage into different ganglionic groups, 
whereby the diversity and multiplicity of reflex phenomena is more fully 
explained. J Fig 11 ^i^, Fig. 8/, e, d. 
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serve to produce in qui voluntary movements harmony and agreement 
between the two sides, and so to preserve equilibrium. Hence we 
can, in a very simple mode account for many phenomena which are 
otherwise difficult of explanation. 

IVom the experiments of van Deen* and Stilling, it appears that 
all motion is not lost after one half of the spinal cord of a frog is cut 
through ; indeed Stilling states explicitly, that if the spiaal cord be 
cut across on both sides to the middle Hue, the incisions being at 
some distance from each other, the animal wiU. still be ia a state to 
produce voluntary motions and to jump.t 

That reflex movements still take place in such frogs, was formerly 
demonstrated by van Deen to myself; the voluntary movements were, 
however, not very satisfactory, although a jump was certainly accom- 
plished. J 

These experiments are indeed very strange, and are not explicable 
on the supposition of the rectUiiieal conduction of the impression of 
the win. But it may be imagined that if a group of ganglionic cells 
on the one side is stimulated by the will, in such an irritated spinal 
cord, the opposite side^ cut through at a greater height, may be stimu- 
lated and set in motion through the medium of the commissures ; 
the action is then a reflex one from above in consequence of the 
impression of the will, of which examples enough occur in the 
experiments of van Deen and Stilling. But it is in this case always 
difficult to distinguish properly and with certainty between voluntary 
and reflex movements. I have, however, myself observed, that reflex 
movements may tate place in the fore-feet, when the hind-feet are irri- 
tated where the spinal cord is in this manner half cut through at some 
distance on both sides. Now since, as we have seen, the posterior 
commissures pass into the same group of cells, in which the reflex 
nerves appear to terminate, the explanation is very simple, that the 
reflex movement is communicated to the other side. 

But this is not possible, if we adopt the view of the course of the 
flbres in the spinal cord which KoUiker puts forward. § This writer 
gets over the difficulty by simply saying, that if the section takes 
place at some distance on either side, all the filaments conducting the 

* Nadere ontdehkingen over de eigenschappen van ket Buggemerg, 1839, p. 
27, expt. 27j pp. 61 et seq., expt. 47. 

t Stilling, Die Functionen des BiicTcenmarlcs, I. c. pp. 153 et seq., pp. 247 
et seq. Fig. 19, 20. J Van Deen, I. c. p. 62. 

§ Mikrosh. Anat., I. c. p. 410. See algo above, pp. 13 et seq. 
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motor influence of tlie brain are cut through and the extremities will 
be paralysed. So far at least as relates to the reflex movementSj- 
these cannot, according to KoUiker's theory, take place ; for the fibres 
which are said to be situated next one another, and by transverse con- 
duction to render reflex action possible, are likewise cut through ; 
and thus the phenomena of reflex action should be even less possible 
than those of direct motion, which certainly is not the case, clearly 
proving the incorrectness of KoUiker's view of the course of the nerve 
fibres in the spinal cord. It is easily seen that the occurrence of 
convulsive movement on both sides of the body, — ^in cases where the 
remote cause, for example, hardening or tubercles in the brain, was 
confined to one side, — ^must be explained by reference to these com- 
missures. 

But, as the -decussated fibres of the anterior commissure pass either 
directly as transverse rays into the anterior medullary columns (Kg. 
11 d, Kg. 12 /), or by means of the marginal fibres and cells are 
more directly connected on the inside of the anterior horn and the 
rays proceeding thence (Kg. 13 c. Kg. ^fg) with these longitudinal 
columns, which we have recognised as conductors of the orders 
of our wiQ, — the wQl must exercise more influence on the anterior 
commissure, and by this route must the given impression be conveyed 
to the other side. We can thus see, not only how the harmony of the 
movements on both sides is maintained, as we have already observed, 
but that this arrangement may also influence the muscles, which 
either always, or almost always, are in the healthy state moved simi- 
larly on both sides ; for example, the muscles situated in the middle, 
the sphincters and levatores ani,the ischiocavemosi, as well as the abdo- 
minal and intercostal, and in great part the dorsal muscles, which hold 
the body in the erect or straight position ; also the muscles for deglu- 
tition, those for the development of the voice, and others which always 
act symmetrically. Perhaps we may further refer to the same category 
the muscles engaged in the simultaneous movements of both wings in 
birds when flying. The posterior commissure seems to me to serve for 
the more involuntary lateral reflex actions ; because as we have seen, 
its fibres appear to end in the middle of the grey matter, where I 
think I have also found the termination of the reflex nerves. How- 
ever, the connexion of the reflex nerves with the next anterior mo- 
tor roots is much closer, than with the fibres of these transverse 
commissures, since, as Pfluger has shown, in extension of reflex 
movements the latter ascend exclusively on the one side^ until the 
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irritation, having reached the mediiUa oblongata, passes over and 
produces general convulsions.* The posterior commissure may also 
serve for involuntarily preserving the equihbrium between the two 
lateral portions of the body. These reflex movements bear so very 
much the character of coordinate, or, if we will, of voluntary move- 
ments, that they often cannot be entirely distinguished from them; 
for example, rubbing or scratching where itching is felt, which takes 
place likewise in sleep, and to avoid which in case of violent itching, 
even a powerful exertion of the will is necessary, just as a decapitated 
frog endeavours to remove with its foot the irritation of acetic acid 
apphed to the side of its body, or if this is prevented, sometimes with 
the foot of the other side. Some, as E. Pfluger, observing such 
phenomena,t have been misled into assuming a sort of voluntary 
power or mind in the spinal cord, an error attributable solely to want of 
examiaation of the ingenious arrangement of the tissue and of the 
structure pf the cord, in which all these harmonized movements appear 
to He hidden, prearranged in the several combinations of the groups 
of ganglionic cells, and ready to be excited by any stimulus, whether 
voluntary or reflex, so that they are produced just as the harmonic 
tones of a piano under the fingers of the player. Such a view is 
suf&cient to excite amazement at the ingenious nature of aU these 
arrangements and wonderful combinations, but it is conceivable, and 
in my opinion not so difficult to imagine ; while the idea of vohtion 
in the spinal cord, without consciousness, with the entire rejection of 
the existence of a soul, as Pfluger suggests, is an absurdity not to be 
thought of. On the contrary, the deeper we penetrate into the know- 
ledge of the mechanism of our body, the more we shall be convinced 
that the whole is arranged as a perfect minister of our spirit and of 
our wiE, in which both the amazingly correct insertion, size and 
combination of the muscles, and certainly not less the combination 
of the ganglionic groups, whereby these muscles are harmoniously and 
suitably moved, are calculated with incomprehensible wisdom and 
fulness of purpose. 

So there are, in fact, many involuntary actions, which we ordinarily 
regard as voluntary ; for example, shrieking with pain. This shrieking 
appears to be merely the effect of a reflex action on the upper part of 

• Pfluger, Die Sensorischen Funetionen des Bilehenmarlcs. Berlin, 1853, 
p. 76. 

f Die Sensorischen Funetionen des Biiclcenmarhs. Berlin, 1853. Chapter? 

II., in. 
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the spinal cord or medulla oblongata, where so many combinations 
lie concealed, and where such multitudinous reflex movements are 
developed; in violent pain it requires the greatest exertion to forbear 
screeching, or moaning : we are, as it were, constrained to it. This 
was strikingly illustrated in the remarkable case of a very intelligent 
lady, who came to ask me for an explanation of a phenomenon which 
had very much surprised her: her breast had been amputated under 
the influence of chloroform, so successfully applied, that she had felt 
nothing whatever of the operation, but on awaking she was perfectly 
conscious that she had heard herself screech, while the fact of her 
having shrieked was confirmed by the bystanders, and such shrieking 
indeed usually occujs in. these cases ; a proof -of its involuntary 
nature, and that it is nothing but a reflex action. Hence it follows, 
that in vivisections so many incorrect inferences are drawn as to 
feeling and perception in animals. If the brain be cut off above the 
pons VaroHi, and the fifth pair of nerves be strongly stimulated, the 
animal wiR cry out, although without consciousness, without percep- 
tion, and without the feeling of pain. 

Thus we often see such shrieking in convulsions j I have observed 
it in the most violent degree even in apoplexy, where there was no 
trace of consciousness. 

9. There has been a great deal of controversy as to whether the 
grey matter, the antero-lateral or posterior columns are at all sensitive 
or not, and on this subject the most conflicting opinions have been 
broached, which are stated by Volkmann in a short review.* In my 
opinion the grey matter in the spinal cord serves solely for motion, 
the posterior rather for reflex action and the coordination of move- 
ment, while sensation is transmitted upwards exclusively through the 
posterior and lateral medullary columns. That such is the case, I 
inferred especially from the phenomena produced by strychnia in a 
dog : in sHghter attacks the hind-feet acted flrst, and subsequently 
continued more rigid, the animal standing upon them, with the body 
inchned obliquely forward. Not only during these convulsions, but 
even when the animal lay more than once upon the ground, with its 
feet stretched out in tetanic rigidity, it had not lost consciousness, of 
which my audience were witnesses with me ; thus, when a white cloth 
was accidentally drawn from one side of the apartment to the other, the 
dog followed it with his eyes and head, while it appeared from all 
that occurred, that he did not experience the least pain. We also' 
* Nerven-phys., I. c. p. 548. 
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knowj that after excessive doses of strychnia, the patients, without 
feeling anything, are suddenly seized with abnormal movements and 
convulsions. After the death of the dog, I examined the spinal cord 
and brain, chiefly with a view to disc6ver any congestion which might 
have existed in the several parts ; in the brain I met no unusual 
degree of congestion, but I was particularly struck with a remarkable 
condition of the grey matter of the lumbar bulb ; it presented in fact, 
numerous small effusions of blood,* while in the medullary portion 
no abnormity was found. In another dog, kiLLed under the influence 
of strychnia, I found, in the grey matter of the lumbar portion, aneu- 
rismal dilatation of the capillary vessels, which were ia consequence 
on the verge of bursting. Perhaps similar effasions had taken place 
in this instance, but that in the sections I prepared I had not met with 
them. In both cases, however, the two horns of grey matter were 
most beautifully injected with blood, as was evident after the sections 
were dried and placed under Canada balsam. I think this observation 
sufficiently important to give a drawing of it (see Kg. 13). We here 
see magnified one hundred times the capiUaiies ia the anterior horn 
of the grey matter, in which, at a, h and c, effusions of blood occur, 
presenting a speckled appearance; it is, however, remarkable, that 
in all these effusions there is a lighter-coloured central point, pro- 
bably the point of effusion, where perhaps the blood is diluted by the 
subsequent issue of serum. Here, as well as at d, e, f, we see some 
dilated and aneurismal capillaries ; in the more highly situated parts 
of the spinal cord these effusions did not occur, although the 
capillaries were also much congested, both in the anterior and pos- 
terior horns. 

Hence it would appear, that after the administration of strychnia 
great congestion and irritation take place iu the grey matter, which 
in the situations where they are most fully developed, as in the loins, 
may pass into effusion or dilatation of the blood-vessels, and stiU aU 
this occurs without any sensation, without any pain. "Were the' grey 
matter in the spinal cord sensitive, or did the sensitive nerves pene- 
trate into the grey matter, such congestion and irritation as excites 
in a sensitive nerve itself the most intense pain, could not be con- 
ceived to exist without occasioning some sensation. Hence it follows 
also, that reflex movements cause no pain nor sensation in the spinal 
cord, so that by this observation the direct ascent of the sensitive 
nerves in the spinal cord, — of which I possess the most satisfactory 
* See also Ecker, Diss, laud., pp. 119 et seq. 



EXPLANATION OF PLATE V. 

Fig. 11. Transverse Section of the Commissures, p. 55. 

a. Central opening or canal, extending through the entire spinal cord ; internally 

covered •mth corneal epithelial cells. 
6. Anterior fissure, m, posterior fissure. 

d, d. Fibres of the anterior commissure, -which divide in plexuses after the decussa- 

tion, and separate as rays in the white medullary matter, or innermost tracts, 

between the fissure and the anterior horn. At the side of the decussation 

longitudinal columns e, which are cut across, constantly occur ; there are also 

tolerably large blood-vessels cut through, both in these columns and close to the 

central opening. 
/. Group of small multi-polar cells, into which a portion of the fibres of the anterior 

commissure passes. 
g, g. Other groups of cells, into which the anterior (usually lighter coloured) portion 

of the posterior commissure passes. 
h. Back part of the posterior commissure, whence the rays run out into the basis of 

the posterior horn. 
8. Marginal fibres around the grey matter, into and through which a portion of the 

posterior rays run, whence some fibres are seen spreading outwards towards 

the central point of the horn in the direction of k. 
m. Posterior fissure. 

Fig. 13. Transverse Section of a part of the Anterior Horn, from, the 
Lumbar Bulb of a Dog killed with Strychnia, dried under Canadian 
Balsam to show the distribution of the blood-vessels; magnified 100 
times, p. 78. 

a, b, c. Three places where blood is efiused from" capillary vessels, and is seen in a 
speckled form. In all a brighter central part appears ; the specks of blood 
exhibit themselves here and there in a longer and more filamentous form. 

e, d,f. Dilated capillary vessels, aneurismatically distended. 
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preparations, — ^is, physiologically or pathologically, if we -will, con- 
fomed. 

A difficulty, however, stiU remains, namely, that if the sensitive 
nerves proceed directly upwards, along the posterior columns, into 
the meduUa oblongata, the nerves of sensation of the right side 
should be situated, above the decussation, next the motor filaments 
of the left, which, as is well known, decussate beneath the corpora 
pyramidalia, and thus the perceptions of the right arm should fall 
at the side of the incitement to motion of the left, which must cause 
confusion. But we know from PoviUe's observations,* that on the 
posterior surface of the medulla oblongata behind and above the an- 
terior decussation for motion, a decussation of fibres also takes place, 
through which probably the nerves of sensation are likewise conveyed 
to the opposite side. But as to the use of these decussations, and 
why the motor and sensitive filaments do not remain on the same 
side, we are not yet in a position even to form a probable con- 
jecture. 

The situation, too, where the impression of the sensation is ob- 
served, can scarcely be determined with any certainty; probably, 
however, it is in the meduUa oblongata, whither the fifth pair runs, 
while in fishes, where the proper hemispheres of the brain are wanting, 
there is no higher situation to wliich the seat of sensation can with 
any reason be referred. Moreover, it is well known, that injury of 
the more highly situated parts, especially of the cerebrum, occasions 
no pain, and that the cerebrum is insensible to pain. 

If we may now, from what has been brought forward, lay it down, 
that both horns of grey matter in the spinal cord serve for motion, 
the anterior for more direct motion, the posterior for reflex action 
and coordination, it becomes intelligible why vivisections performed 
on animals, in which it has been attempted to cut through only the 
posterior or the anterior columns, have led to such discordant results. 
It is, indeed, evident that it is absolutely impossible to cut through 
these columns, without wounding the grey horns, which project 
across them, the necessary result whereof will be that different move- 
ments must be produced by this injury, whether of the anterior or 
of the posterior horns, according to the different groups of ganglionic 
cells, reflex nerves, or filaments of communication which are wounded ; 
so that this question can never be solved in this way, and confusion, 

• Foville, Traits compl. de I'Anatomk et de la Physiol. At Syst. nerv. cer, 
Paris, 1844. PL II., Fig. 4. 
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rather than light and knowledge, will have resulted to physiology 
from such experiments. 

10. The laws of reflex action, which have been deduced as general 
results from a great number of observations by E. Pfluger,* are very 
important. In them this author shows that reflex action is at first 
strictly unilateral ;t furthermore that, if reflex action arises from a 
stimulus in the brain or cerebral nerves, the reflex movements in 
their further progress extend to the nerves situated inferiorly, and 
thus to the medulla oblongata;! that, on the contrary, if reflex 
action arises from a spinal nerve, it extends in its further progress 
from below upwards towards the medulla oblongata, and not vice 
versa ; but that if the affection has reached the medulla oblongata 
the reflex movements may again extend in an inverse order to the 
lower parts, or pass into general convulsions ; § that lastly, if a reflex 
movement arises in motor nerves which are very remote from the 
insertion of the sensitive nerve primarily affected, these remote motor 
nerves are always such as arise from the medulla oblongata. || 

Hence it appears, that the medulla oblongata is the principal 
centre, whence the more general reflex movements and convulsions 
take their origin. Even some years ago I was in the habit of seeking 
in it the starting point from which epileptic fits arise, and to which 
the attention of the physician should principally be directed. And 
though the primary irritation may be remote, for example, ia the 
bowels, a morbidly exalted sensibility and irritation in the medulla 
oblongata wiH always exist, rendering it more capable of discharg- 
ing itself, as it were, in involuntary reflex movements.^ 

Experience has taught me, that it is of the greatest importance for 
the physician to direct his attention in such diseases to the medulla 
oblongata. By following such a course I have often succeeded, in 

• E. Pfluger, Die Sensorischen Functionen des RiiclcenmarTcs u. s,w. Berlin, 
1853, pp. 62 etseq. t I. u. p. 68. 

t I. c. p. 79. § I. V. p. 77. 

II I. c. p. 78. 

K In accordance with this we find, that the means, which render the 
spinal cotd more capable of reflex movements, have also the power of 
exciting epileptic attacks ; thus, for example, etherization is even recom- 
mended as a diagnostic, because in true epilepsy a fit almost always 
follows it, — an effect I have also observed produced by smelling chloroform ; 
the brain is stupified by it ; loss of consciousness ensues, and thus the 
patient's condition approaches in this respect to that of a decapitated frog, 
the reflex phenomena being likewise so much stronger. 
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cases which were not of too long standing, in overcoming the intract- 
able disease first mentioned, by derivative applications to the neck. 

A more accurate examination of the minnte structure of the me- 
dulla oblongata, and especially of the pathological changes produced 
in it by long-continued epilepsy, which I have often observed in the 
form of hardening of the medulla oblongata, but in reference to 
which no microscopic investigations have as yet been made, may throw 
much light upon the subject. I have hitherto not had the oppor- 
tunity of instituting these investigations, on which I had wished 
to fix the attention of physicians. It is only in this way it will ever 
be possible to escape from the unsuccessful, rude, empirical treat- 
ment which is stiU too generally in vogue in reference to epilepsy, 
and of which I have observed so many sad examples. A rational 
mode of treatment of this obstinate disease can be based only on a 
better acquaintance with the functions of the medulla spinalis, and 
especially of the medulla oblongata, whence we must endeavour to 
trace more fully the nature and essence of the disease. Perhaps I 
shall hereafter find opportunity to communicate the observations I 
have already made on the subject.* 

If we now glance back on these physiological inferences, we may 
collate the principal points in the following propositions. 

1. The several primitive fibres, which are lost as a motor nerve in 
a muscle or system of muscles, appear to arise from a group of 
mutually connected ganglionic cells ; they receive the impression of 
our win along the anterior white columns, and the transverse fibres 
or rays connected therewith, passing into such a group; which 
stimulation, by being uniformly distributed over all the cells of the 
group, produces in. aU the motor filaments of the nerve arising from 
it, an uniform and simultaneous action. 

2. The number of these anterior conducting filaments of volition 
must thus be proportionate to the number of groups of cells and the 
several combiaations, of which they are capable, and must therefore 
be much less than the number of medullary filaments for the sensitive 
nerves in the posterior columns ; so that by the constant accession of 
new sensitive nerves, the white medullary matter increases more in 
thickness upwards posteriorly than anteriorly, as is confirmed by the 
form of the spinal cord in transverse sections. 

* These will be found in the second part of this volume, the original 
of which was published four years subsequently to that of the portion of 
the work we are at present engaged in. — Thanslator. 
G 
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3. Where numerous muscular nerves spring from the spinal cord> 
as for the extremities, more numerous groups of cells, whence thej 
arise, must be present; hence it is, that the anterior grey horns in the 
lumbar and cervical bulbs are so much thicker than in the dorsal 
region, or the more highly situated portion of the cervical region. 

4. In animals whose muscular movements are more simple, as in 
&hes, the spinal cord is slighter, and the grey matter, as well as the 
ganglionic cells, is much more scanty, as fewer combinations of 
movements are required. 

5. Eeflex movements take place, not by over-leaping or transverse 
conduction, but the reflex nerves appear to terminate, partly in a 
central group of ganglionic cells, which are more or less directly 
connected with the several groups of motor cells ; and partly seem to 
pass into the minute longitudinal fibres of the posterior horns. There- 
fore, as the posterior nerve-roots contain at the same time sensitive 
and reflex nerves, it is easily explained why they are nearly twice as 
thick as the anterior roots. 

6. The posterior horns of the grey matter, through which, probably, 
the several groups of ganglionic cells are mutually connected, appear 
to serve especially for the coordination of movements which take 
place in reflex action; the latter are more general in proportion to 
the more irritated condition of the grey matter or of the ganglionic 
cells. 

7. Through their connecting filaments the groups of motor cells 
appear to be so united, that as a stimulus applied to one of the toes 
is sufficient to excite in a &og, by refiex action, a harmonized move- 
ment, or a jump, so also, perhaps, only one impression is required to 
produce a coordinate movement (for example a step), which may 
then again be modified, according to circumstances, by special im' 
pressions on each of these groups of cells. The cause of the coordi- 
nation of movements is situated in the spinal cord, and not in the 
cerebellum. 

8. The transverse commissures appear to be designed to preserve 
the harmony of movements between the two sides : the anterior, 
which seems to be connected more with the filaments conducting 
the orders of our will, for the harmony of the voluntary movements, 
and of the muscles acting simultaneously on each side of the body ; the 
posterior for the involuntary harmony in reflex action, the equilibrium 
of the body, &c. 
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9. The two horns of grey matter appear to stand in the closest 
relation to motion : the anterior are the direct sources of motion, the 
posterior serve rather for reflex action and coordination. After the 
administration of strychnia, congestion, or efflision of blood takes 
place in both horns. The latter do not seem to be sensitive. 

10. The medulla oblongata appears to be the common central 
point, where reflex action crosses to either side, and on the irritated 
state of which general spasms^ as convulsions and epilepsy, seem to 
depend. 



THE END. 
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CHAPTER I. 

INTEODUCTORT. 



Of all the parts of the human body, there is not one which is of 
such great moment to existence and to the continuance of life, and 
to the maintenance of the most different and important functions of 
4he system, uniting in a small space, and, as from a central point, 
directing so much that is various in aspect and really diverse, as the 
medulla oblongata ; on which account it has long been called by Mou- 
rens and his followers the centre, or the middle point, and the knot of 
life. Indeed, in a limited portion of this organ, a simple puncture 
or injury suffices immediately and irrevocably to extinguish life, and, 
as with a stroke, to annihilate its principal phenomena, as respiration, 
voluntary motion, nay, all that constitutes existence. 

Here is, in fact, the nucleus and the central point, whence most 
phenomena proceed; here the seat of perception, or of sensation, 
seems to lie ; violent pain, by reflex action here, produces groaning ; 
here reflex movements pass over to either side : here is the centre 
of automatic respiratory motions and of deglutition ; hence the ner- 
vus vagus derives its remarkable influence upon the heart; and, 
finally, an irritated condition of this part produces excitation of the 
sexual organs ; and even appears to have influence on the action of 
the kidneys. 

It would seem that the very peculiar structure of the medulla 
oblongata has deterred the majority of physiologists and anatomists 
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from venturing on such an inquiry as the present ; they have almost 
always confined themselves to a rude inspection of various bundles of 
medullary filaments, and accumulationa of grey matter, with the naked 
eye, or have endeavoured, by means of vivisections, to obtaia a more 
accurate knowledge of the functions of its several parts. These vivi- 
sections have, however, often led to such opposite and sometimes 
perplexing results, that the nature of this important part has 
not uafrequently been rather rendered doubtful and obscured, than 
explained, by them. 

It is, nevertheles, strange, that although Stilling, in his excellent 
treatise on the Me&uUa Oblongata,* and especially in his very dif- 
fuse, but at the same time, admirable work on the Pons Farolii,f 
has shed a completely new light upon this difficult part, and has 
broken the ground for all subsequent investigators — physiologists 
ia general seem to have contented themselves with receiving some 
of his excellent delineations, without putting their own hands to the 
work. On the other hand, the peculiar prolixity and great size, and 
perhaps also the costliness of his book on the Pons Varolii, and its 
burdensome form, seem to have deterred most anatomists froni read- 
ing it ; for, of the many highly important facts contained therein, the 
majority appear to be quite unknown, and to be wholly neglected, 
not being even mentioned in the recent manuals. It is only very 
lately that the value of this work has begun to be appreciated. 
Although in my first investigations on the structure and tissue 
of the medulla oblongata, I, too, was deterred by the very com- 
plicated nature of its network of fibres, and despaired of being able 
to discover their course, yet, after an attentive perusal of StilHng's 
excellent works — of which the last, upon the Pons Varolii, in particu- 
lar, is a remarkable monument of German industry and perseverance — 
I was encouraged to the task, and determined, under his guidance, 
to examine those parts for myself, to compare his dehneations with 
the originals, and so to test them. 

I soon discovered that the preparation of the sections represented 
by Stilling did not present so many difficulties as I had at first 
imagined, while as I went on I could not sufficiently admire the 
surprising skill and fidelity with which his delineations have been 
made. 

• B. Stilling, Ueber die Medulla Oblongata. Erlangen, 1843. 
t B. Stilling, Ueber den Bau des Hirnhiotens oder die VaroUsehe Briicke. 
Jena, 1846. 
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In this manner I have compared by far the greater number of 
Stilling's drawings with nature itself, and in most instances 
have had to admire their very great fidelity; although on closer 
examination, I have often felt compelled to diifer considerably from 
him in describiag and explaining the several parts. But as 
Stilling has confined himself chiefiy to a purely anatomical exposition 
and description of the parts discovered by him, and of their mutual 
connexion, and has entered but little upon physiological disquisition, 
I found some remarkable peculiarities which appeared to have es- 
caped his attention, and yet to be extremely important in a physio- 
logical point of view. 

At first, these observations related only to a few, in my opinion, 
important connexions, and I did not intend to investigate the entire 
subject of the minute anatomy of the medulla oblongata ; the more 
so as some pathological points constituted the proper aim of my 
research. However, the course of the investigation led me from one 
part to another ; the solution of one question gave the key to another ; 
what the structure of man did not reveal, I found demonstrated 
distinctly and clearly, and beyond my expectation, in animals, and 
thus under my hands the essay gradually became enlarged, and in it I 
think I have arrived at some, as I hope, not unimportant results, and 
have as far as possible solved most of the anatomical and physiological 
questions ; upon which I have, in the third part, wholly rested my 
pathological views. That I have, throughout my examination of 
this complicated part, universally succeeded in discovering the exact 
truth, I can scarcely hope ; others may hereafter follow up the subject, 
and confirm or reject my conclusions. 

The delineations I have myself drawn from nature with the 
greatest care. 



90 STRUCTURE OF THE MEDULLA OBLONGATA. 



CHAPTER n. 

GEKEEAL REMARKS ON THE MEDULLA OBLONGATA. 

To enable the reader properly to comprehend my investigations, it 
is absolutely necessary to preface them with a brief explanation of 
the stnictnre of the several parts of the medulla oblongata ; and I 
shall therefore, in the &st instance, make some general remarks on 
the difference between it and the spinal cord, partly taking Stilling as 
my guide, partly, where I have been obliged to differ from this ex- 
cellent observer, following the results of my own examinations. 

The &st questions which occur to us in endeavouring to obtain a 
more accurate idea of the medulla oblongata, are : — What new parts, 
absent in the spinal cord itself, are to be found in the former? What 
parts end here? and what is their mutual connexion? Without 
entering on the present occasion, into a number of minute particulars, 
which are most fully discussed in StiUing's great work on the Pons 
Varolii, I shall in the first place, briefly consider and answer these 
questions, and subsequently pass to a more particular study of the 
principal parts of the organ in question. 

We must first call to mind the known structure of the spinal cord, 
which is divided by an anterior and posterior fissure, as it were, into 
two lateral portions, connected to one another by more or less slender 
commissures, between which a very narrow canal runs through the 
whole cord, while the two halves of the latter consist internally of grey 
matter, extending into two anterior and posterior horns, and covered 
and enclosed by the white substance, consisting of longitudinal 
medullary filaments or columns. 

Anteriorly, the roots of the motor nerves arise from the two 
anterior horns of grey matter; posteriorly, the posterior comua con- 
sist in great part of very minute longitudinal fibres, which I have 
considered as threads of communication between the several reflex- ~ 
nerves which appear to unite with them, and to convey the impres- 
sions they have received along these longitudinal filaments to the 
different groups of ganglionic cells, lying over one another in the 
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anterior comua, whereby the more complicated reflex movements 
may be explained.* 

The white or medullary matter is distinguished anteriorly as con- 
sisting of the white columns, which, in my opinion, are the conductors 
of the orders of our will, and convey the same by means of numerous 
rays, spreading in a transverse direction between this medullary matter, 
to the anterior ganglionic cells for the movement of the extremities ; 
while the more lateral white columns appear, especially according 
to SchifE's experiments, to serve for the movement of the muscles of 
the tnuik.t Finally, it would seem that the posterior columns are 
to be regarded rather as the bearers of impressions of sensation to 
the brain. 

The canal, which runs through the whole spinal cord, occupies as 
nearly as possible, its centre ; close to the meduUa oblongata, how- 
ever, it begins to incline backwards, until it finally opens into the 
fourth ventricle. The two anterior grey hctms, whence the motor 
nerves take their origin, follow this backward direction of the canal ; 
so that the groups of ganglionic cells, from which the hypoglossus 
arises, are situated quite posteriorly on the floor of the fourth 
ventricle. 

The lateral and posterior columns, that is to say, of the spinal 
cord, divaricate at the opening of the central canal into the fourth 
ventricle, and thus come to lie at the side of the middle line ; the re- 
lative order and position of the parts being thereby completely altered. 
The posterior columns, for example, deviate, according to Stilling, 
not only completely to the side, but they even turn forward into the 
higher parts of the medulla oblongata, and iato the lowest part of 
the pons Varolii, so that they are said to be situated partly at the 
side of the anterior columns, and higher up even in front of these j % 
in reference to which, however, I differ in many respects from Stil- 
ling, as will hereafter appear. The so-called gelatinous matter, or 
posterior grey horns, likewise inclines more and more forwards. § 

Thus, while the grey matter was at first situated like a wreath 
around the central canal, this arrangement is now completely altered ; 
the posterior cornua spread themselves out to the side and towards 

• Part I., p. 52. 

t Schiff and Vierordl, ^rch. u. Phys. Heilkunde, 1854, pp. 30 et seq., and 
quoted in the present volume, pp. 27 et seq. > 

: Stming, Med. Oblong., PI. IV., Figs. 1 and 2f,f, PL V. and VI./,/, 
Pons Farol., PI. I. g, g, t. 

§ StiUing, Med. ObL, PI. IV., V., and VIII. 
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the front, and the several nuclei come to lie close to one another,, 
and so form the floor of the fourth ventricle.* By this the nerve- 
roots too are displaced, the nuclei of the motor nerves now lie above 
one another close to the middle line ; as for example, the nuclei of 
the hypoglossal and accessory nerves.f Above this spring the roots 
of the sixth pair,{ the seventh pair,§ the fourth pair,|| and the third 
pair,1[ all close to the middle line. At the side, however, more 
externally, on the floor of the fourth ventricle of the brain lie the 
nuclei, whence the nerves of sensation take their origin, for example, 
that of the vagus ; ** higher up, those of the glosso-pharyngeustt of 
the auditory nerve,tf and of the sensitive root of the trigeminus. §§ 
We might even .add, the optic nerve from the corpora quadrigemina, 
and the olfactory, both of which arise more to the side of the 
middle hne. 

There is thus a complete displacement or pushing away of the 
posterior columns ; but at the same time new parts appear, which 
are most closely related to the nerves of sensation, and are not met 
with in the spinal cord. Thus, the nerves of sensation appear not 
to terminate in nuclei in the cord, but to proceed upwards, the seat 
of perception being by no means in the spinal cord. In the medulla 
oblongata, on the contrary, we see the roots of the vagus, of the 
glosso-pharyngeal, the auditory nerve, and the trigeminus, springing 
from their groups of nuclei, and taking their origin directly from a 
great number of gangKonic cells, which, according to my observa. 
tions, differ, more or less, in size and form for the several sensitive 
nerves. 

The explanation of this is, that the medulla oblongata appears 
probably to be the seat of perception, to. which all the sensitive fila- 
ments of the spinal cord convey their impressions, and where the latter 
are perceived. Stilling even thought he had found, what I can- 
not admit, that the posterior columns of the spinal cord pass whoUy 

* Stilling, Med. Oil, PI. VI. g h. PI. VII., Figs. 1—6 g, h, n; my Fig. 

t Stilling, Med. Obi. PI. V. g, h ; my Fig. 1 d, e, Fig. 2 A, /(, J', a, k. 

% Stilling, Pons Varol, PI. XVIII, Fig. 1 ; my Fig. 4 e/. 

§ Stilling, he. cit., Plate XVIII., Fig. 2; my Fig. 4//'. 

II Stilling, I. c, PI. XVIII., Pig. 3. H StiUing, I. c, PI. XI. 

** Stilling, Med. Obi., PI. VI. h; my Fig. lef. 

tt Stilling, Med. Obi., PI. VII., Fig. 1—6 n, n. 

%X Stilling, Pons Varol., PL I » M ; my Fig. 4 g g", h. 

§§ Stilling, I. c, PI. XV. TT, t; my Fig. 4 r. 



EXPLANATION OF PLATE I. 

Fig. 1. Medulla Oblongata. 

A, B, C, D. Left half of the medulla oblongata. 

A, B, Kaphe or septum, iu which the fibres decusBate. 

A. Corpora pyramidalia. 

C. Corpora oliyaria. 

D. Corpora reatiformia, and root of the fifth nerve. 

a, i, u. Transverse fibres (fibrse arciformes) as they are passing through the raphe 
or septum. 

d. Ganglisnic nucleus for the nervus hypoglossus, and the root of this nerve passing 

into the nucleus. 

e. Root of the nervus vagus or accessorius in its nucleus, ti, f. 

f. Nucleus for the vagus. 
g g. Nervus vagus. 

h,. Nervus hypoglossus. 

i i. Corpus olivare. 

k. Accessory nucleus of the corpus olivare. 

I. Same on the outside. 

m, n n. Transverse fibres (fibrse arciformes), which, in connexion with the centrum 
of the vagus, connect both sides for bilateral action. 

a, p. Transverse fibres for the ganglionic nucleus of the hypoglossus and vagus, 
which pass to the septum, cross one another, and so accomplish the decussation 
of the nervous influence of the hypoglossus and accessory, 

q q, r. Fibres passing from the corpora olivaria, towards the raphe, to the decussa- 
tion. 

t, g, p. Fibres &om the corpus olivare to the nucleus of the hypoglossus. 

s. Longitudinal fibres, into which filaments of the vagus pass. They constitute the 
superior portion of the lateral columns of the medulla spinalis, and terminate 
here. 

t. Root of the nervus trigeminus. 

V. Longitudinal fibres from the corpus restiforme. 
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'COMPARISON WITH THE SPINAL CORD. 93 

into the trigeminus ;* it seems to me that they end about where the 
trigeminus begins, namely, at the seat of perception.t 

If we now compare the spiaal cord with the medulla oblongata, 
we shall see, that not only the direction and the mutual relation of 
the parts are very much altered, but that the medulla oblongata is 
considerably increased in thickness. While the anterior cornua of 
the grey matter were formerly placed behind the anterior white 
columns in the spinal cord, and were covered by a comparatively 
thin layer of white medullary matter, in the medulla oblongata these 
have passed entirely backwards on the floor of the fourth ventricle, 
and in place of the anterior columns a very considerable mass of inter- 
laced fibres here exhibits itself, the roots of the facial, hypoglossal, 
and vagus nerves perforating the entire thickness of the medulla 
oblongata, in order to pass from their nuclei outwards to the nerve- 
trunk, f The fissures, by which the spinal cord was divided from 
before backwards, have almost whoUy disappeared, and the two sides 
are most closely connected by the partition or raphe of Stilling. 

* Stilling, Pons VaroL, pp. 45, 133, and especially 168, PI. VI. g g, com- 
pared with PI. V. g g, and PI. XV. 

t That the medtilla oblongata is the seat of perception can scarcely be 
any longer a subject of doubt. Not only is it known that the brain itself 
is insensible, but while the nerves of sensation in the spinal cord pass up- 
wards, the trigeminus descends to the medulla oblongata, that is to the 
seat of perception. In fishes, the sensitive nerves run in the same direc- 
tion to the medulla oblongata, and in them there is no higher place to 
which to ascribe the seat of sensation. In like manner the formation of 
the brain begins in the foetus with the parts situated at the base of the 
skxdl ; the cerebrum is still waijting just as in the fish ; but nature com- 
mences its formation with the parts which place us in relation to the ex- 
ternal world, that is with the centres for smell, the corpora quadrigemina 
for sight, and the medulla oblongata for hearing, taste, and feeling. It is 
not until afterwards that the hemispheres are developed as organs, which 
are connected with the parts mentioned by special bundles of fibres, as has 
been so beautifully represented by FoviUe, Anat. et Phys. du Syst. nerveux, 
PL XVIII., Fig. 1 N N N", and J C L B B B, and which further elaborate 
the observed impressions and act as organs of the- higher faculties. In 
like manner nature begins with the corpora striata in the foetus and in the 
fish, as the instruments by which the will acquires the power of producing 
motion. In the fish there is no other part to which we could ascribe this 
power, and in 'the ascending scale of animals all these fundamental parts 
retain their proper functions ; only others are added which are more closely 
connected with the higher faculties. 

I Stilling Med. ObL, PI. II. 1 1, compared with PI. V. g, I, see also my 
first Fig., letters d, h, — e, g, g. 
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This increased quantity of nervous substance, whereby the medulla 
oblongata is rendered so very much thicker, cannot, therefore, be due 
simply to a prolongation of the white nervous fibres or columns of 
the spinal cord j many new parts are, on the contrary, added, which 
did not exist in the cord. It is chiefly the connexion of these new 
parts with the medullary filaments and grey matter, extending up- 
wards from the spinal cord, which makes the study of the medulla 
oblongata of such importance, and at the same time so complicated 
and difficult. 

Stilling has caiefuUy described and represented these various bun- 
dles of ascending longitudinal fibres in the medulla oblongata, and 
has endeavoured to foUow the white columns of the cord through the 
meduUa to their final terminations ; in this, however, notwithstandiug 
the fulness of his description and the fidelity of his drawings, he 
has, in my opinion, not wholly succeeded. 

According to StiUing, not only does the grey matter pass back- 
wards iu the medulla oblongata, but the white anterior columns also 
follow the same course, and these are said to be again covered by 
other new parts. 

In the first place. Stilling introduces the corpora pyramidalia, 
which he regards as entirely new bodies, stated to take their origin 
LQ this situation, from ^ey matter, and which are said to cover the 
anterior columns.* He even considers it doubtful, whether fibres of 
the anterior white columns of the spiaal cord are connected with the 
pyramids.t 

In this I can by no means agree with Stilling. It is true that on 
making a longitudinal section we see some thicker bundles, especially 
under the corpora olivaria, passing straight upwards, but these, pro- 

* Medulla Oblongata, pp. 27 et seq. PI. VIL, Fig. 11. 

t I. c, p. 28. It is indeed true, that on a longitudinal section at the 
seat of decussation the fibres of the pyramids, appear to arise obliquely, 
like the feather of a quill, as Stilling expresses himself; but this is only 
apparent ; they run like fingers interlaced, and are bent laterally, in order 
to pass to the opposite side of the medulla oblongata, as is strikingly 
represented especially by Lenhosseck (Vntersuchungen ueher den feinen 
Bau des centrahn Nervensystems, Wien, 1855, PI. I, Fig. 2, PI. IV., 
Fig. 1). In consequence of this oblique course, they are cut through on a 
longitudinal section. Kolliker too considers the pyramids to be not an 
independent system, but a prolongation of the lateral columns of the 
spinal cord, Mikrosk. Anat., 2 B, 1 H. p. 455. I doubt whether Stilling 
himself would further defend his hypothesis. 
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bably, decussate higher up. The anterior columns, however of the 
spiaal cord undoubtedly pass, after the decussation into the corpora 
pyramidaHa. This is acknowledged by all anatomists. But I willingly 
admit, that the number of fibres in the pyramids increases in a marked 
degree, superiorly in the pons Varolii, which may partly give rise 
to the increased thickness and augmented bulk of these parts.* 

The principal cause, however, of the increased thickness of the 
medulla oblongata is to be found in numerous parts, which either 
arise in it as perfectly new bodies, consisting both of white and grey 
matter, or come from elsewhere, and, consequently, were not present 
in the spinal cord. 

To these belong, in the first place, the corpora restiformia and the 
posterior pyramidal bodies, the soft and wedge-like columns of Stil- 
ling, on the outer edge of the fourth ventricle, which, as Stilling 
correctly remarks, are not, as was thought, and is stiU maintained 
by many anatomists, the continuation of the posterior or sensitive 
columns of the spinal cord, but are derived from the cerebellum, and 
descend in the medulla oblongata from behind to the side, where 
they terminate by, at least for the greatest part, resolving themselves 
into transverse fibres, which in such great numbers pervade the 
meduUa oblongata.f 

According to Stilling, a portion of the former posterior white 
columns, namely, the anterior portion, passes upwards in company 
with the foregoing, in order to unite with the corpora restiformia, 
to which, therefore, these columns probably impart sensation. J 

* This is particularly clearly explained by StUling in his great work on 
the Pons Varolii. These new fibres, from the corpora pyramidalia, appear 
always to stop at the outside of the ascending bundles of these bodies, 
which are much interlaced in the pons, (/. c, p. 99, No. 6, PI. VII., VIII., 
IX., P X, P X). It is still uncertain what connexion exists between these 
descending fibres derived from the brain, and those of the corpora pyra- 
midalia ; but I suspect that they become connected with the grey matter 
and little multi-polar ganglionic cells, situated between these bundles, and 
in this manner perhaps unite in the corpora pyramidalia with the fibres 
derived from the anterior columns of the spinal cord. 

t Stilling, Pons Varolii, pp. 151 et seq. This descent of the corpora 
restiformia is very beautifully delineated by Stilling, Pons Varolii, PI. 
XII., Fig. 12—16, and in the outline Figs. PL XXL, Figs. 12—16. 

X Stilling, Pons Varolii, pp. 26, 45 et seq. Tab. i. O, 1 1. 

If Brown-Sequard had been acquainted with this course of the sensory 
filaments, described by Stilling so early as 1846, he would not have 
announced as a new discovery the singular fact put forward so promi- 
nently, that on cutting through the one half of the medulla oblongata 

G 8 
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To this we should add, that, as will hereafter be seen, the root of 
the trigemimis runs downwards in the medulla oblongata, even to 
the level of the origin of the hypoglossal and accessory nerves. Du- 
ring its course, this root, however, gradually becomes slighter by 
giving off numerous, filaments, and it appears, according to Stilling, 
to unite with the descending corpora restiformia. 

The iacreased thickness of the medulla oblongata is also occasioned 
to a great extent by the corpora oHvaria, which, as is well known, 
are situated on the outer side of the corpora pyramidalia, and enclose 
the so-caUed corpora cUiara or dentata; they constitute a wholly new 
mass in the medulla oblongata, on which subject we shall hereafter 
speak at greater length. 

Besides these parts, the grey matter of the medulla oblongata is 
likewise greatly increased by the nuclei and ganglionic groups, whence 
we have already seen, the nerves of sensation arise; which appears not 
to be so much the case with the sensitive nerves of the spinal cord, 
and seems to be closely connected with the fact of the medulla 
oblongata being the seat of sensation. 

Furthermore, a very important system of transverse fibres exhibits 
itself in this situation,* whereby the two sides of the medulla oblon- 
gata are intimately connected, and to a degree that cannot be seen 
in any other part, whether in the brain above, or in the spinal cord 
beneath. The two sides of the medulla oblongata appear to be re- 
ciprocally so intimately united by these transverse filaments, that we 
may suppose that influences acting on the one side must also be com- 
municated to the other. 

Finally, we have here an important system of fibres, which in my 
opinion have, at least in great part, been incorrectly explained by 

the upper or central portion of the corpus restiforrae was rendered devoid 
of feeling, and that therefore the sensory filaments could not in this situa- 
tion proceed from above downwards. Recherches exphimentales sur la 
transmission croisle des impressions sensitives, Paris, 1855, pp. 6 et seq. The 
sensibility of the corpus restiforme would seem to be due to the portion of 
the posterior white sensitive columns described by Stilling, which accom- 
pany the corpora restiformia to the cerebellum, and which were, therefore, 
cut through in Brown-Sequard's experiment. The merit of this writer on 
this point therefore consists, in his having confirmed by a physiological 
experiment, which is also important in other respects, the anatomical con- 
nexion of these parts already much earlier pointed out by Stilling. Fur- 
thermore, the fact is in my opinion, in favour of the view, that the seat of 
proper sensation is to be sought in the medulla oblongata. 
• See Fig. 1, m, n, n. 
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Stilling, and whicli contribute very much to the augmentation of 
the medulla oblongata. 

Stming's opinion is, that the numerous longitudinal bundles in 
the meduUa oblongata, which are separated from one another by an 
incalculable number of transverse and radiating fibres, are almost all 
prolongations of the anterior, lateral, and posterior white columns of 
the spinal cord. But if this were the case, it would foUow that they 
must be considerably increased in number, as the size of the medulla 
oblongata, which is perforated by the roots of the nerves, is so much 
greater than that of the spinal cord itseK. 

Stilling, having once expressed the opinion that the pyramids were 
new bodies, originally arising in the medulla oblongata from nuclei, 
and, therefore, not considering them to be the continuation of the 
anterior white columns of the spinal cord, it was natural that he 
should seek the latter elsewhere, and he now placed them behind the 
pyramids. It appears to me, however, that much confusion has, con- 
sequently, been created in his determination of the course of the 
several columns of the spinal cord in the medulla oblongata, as their 
limits are difficult to define.* 

Thus, the pyramids are the prolongations of the anterior columns 
of the spinal cord, which seem to me to serve especially for the move- 
ment of the extremities ; these decussate before they pass into the 
medulla oblongata.t In this decussation, however, the longitudinal 

* See also Leohossek Ncue Untersuch., pp. 64 et seq. 

t If we observe the further course and division of the pyramids through 
the Pons Varolii into four principal columns, as is represented by Foville 
(Traite complet de Vanat. physiol. du Systime cerebrospinal, PI. 5, Fig. 1, lett. 
1, 2), which deeper columns of Foville appear to agree with the anterior 
columns of Stilling (Pons Varolii, PI. I., II., III., IV. d, d^) we can 
scarcely' suppress the suspicion, that these four columns of the pyramids 
may serve for the four extremities. It must be left to subsequent investi- 
gations to decide this point. 

Meanwhile it has struck me very forcibly, that the pyramids in the me- 
dulla oblongata in hoofed animals, as the horse, ass, and calf (see Fig. 4 n, 
in the calf), are much slighter than in beasts of prey, apes, and man (Fig. 
] 1, 12, in the cat A, Fig. 1, in man A). Perhaps this is connected with the 
absence of the special movement of the hand and fingers in the hoofed 
animals, where the mechanism of motion is consequently much more 
simple. It is indeed natural, that for movements so complicated as 
those of the fingers on the extremities of a man, a much greater number 
of fibres should be required in the pyramids, and accordingly on a 
transverse section of the medulla oblongata the thickness of the pyramids 
in man is disproportionately much greater than in the calf or horse, notwith- 

H 
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fibres, which are situated behind and to the sides of the pyramids, do 
not at all participate j they therefore constitute another system of fibres. 
They are, at least in great part, not prolongations of the white lateral 
and posterior columns, but commence as an entirely new system of 
fibres in the medulla oblongata. ■ 

There are, in fact, fibres, which, derived from the brain, or rather 
from the corpora striata, thalami, and crura cerebri, descend and ter- 
minate in the several nuclei and ganglionic groups, whence the nerves 
of the medulla oblongata arise j as there are also those which pass into 
the corpora olivaria and other ganglionic groups, of which several 
occur in the medulla oblongata, in order to convey to them the 
orders of our will. 

In my opinion, therefore, these longitudinal columns, divided into 
so many slender bundles, are, in part, descending fibres, terminating 
in the medulla oblongata, and so contributing much to its aug- 
mented bulk. 

The nerves, in fact, as the hypoglossus, vagus, glosso-pharyngeus, 
&c., all arise above the decussation of the pyramids, and neither the 
nuclei, nor the fibres conveying to them the orders of our wiU, can 
participate in the decussation of the pyramids, above which they are 
situated ; but they constitute a new system, the decussation of which 
is accomplished in another manner, as I shall hereafter point out. 

The lateral and posterior columns of the spinal cord pass, indeed, 
into the medulla oblongata, but by far the greatest part would 
appear to me to end here j that is to say, if we may adopt Schiff's 
opinion, that the lateral columns of the cord serve rather for the 
movement of the trunk, and, therefore, especially for respiration.* And, 
as it is well known that the centre for the function of respiration has 
its seat in the medulla oblongata, and that if the brain be cut off above 
that point respiration still eontinnes, it foUows that a great number 
of the fibres constituting the lateral columns in the spinal cord 
would appear to terminate here.f IVom this centre of the function of 
respiration new fibres must, however, again commence, which ascend, 

standing that the entire thickness of the medulla oblongata is much more 
considerable in the latter. A part of the corpora pyramidalia appears, 
however, in the calf, horse, and ass to separate into thin fibres in the sub- 
stance of the corpus trapezoides and to be lost, as otherwise these bodies 
would here be disproportionately small. 

" Vierordt, ArcJi. fiir Physiol. Heilkunde, 13 Jahrg. 1 Heft. 1854, pp. 30 
et seq. See also my Essay on the Spinal Cord, pp. 26 et seq. 

t Of this hereafter. Stilling assumes an uninterrupted continuity of 
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in order to serve as conductors of volition wliereby we can also 
voluntarily control respiration. 

As, further, the medulla oblongata appears to be the seat of sensa- 
tion,* and at least the brain itself to be insensible, only parts situated 
somewhat higher than the former ( as the corpora quadrigemina) 
seeming to participate, to a certain extent, in this sensibility ; it 
would follow, that the posterior columns of the spinal cord, so far as 
these can be regarded as conductors of sensation, likewise find their 
termination in the medulla oblongata, and partly, perhaps, somewhat 
higher among the groups of ganglionic cells, which are there so 
numerous. 

Yet, on the other hand, new fibres appear to ascend from the 
medulla, so as to place the brain in closer connexion with the 
centre of perception, the course of which is particularly given by 
FoviEe, and which betake themselves to the so-called cribriform 
space (his espaee quadrilaiere perfore),\ in order hence to radiate 
out through the antero-posterior arch of fibres, under its internal 
convolutions, into the grey matter of the hemispheres, f 

We may thus correctly regard the medulla oblongata as the 
nodus vitse, or as a central point, where many different bundles of 
fibres end, or take their origin in various ganglionic groups, which 
hence diffuse their influence over so many different parts of the body. 

Above all, however, the number of transverse fibres in the medulla 
oblongata, which I have already referred to, is of great signi- 
ficance and importance ; as in no other situation do they occur to the 
same extent, and they appear to have a tendency, at least for the 
greater part, to bring the two sides of the medulla oblongata into 

all the columns into the hrain. Neue Untersuchungen ueher den Bau des 
RiickenrKarks, 1857, 3 Liefer, p. 630. 

* Szokalski removed in young dogs, rahhits, &c., the anterior hemi- 
spheres, the corpora striata and thalami, the corpora quadrigemina and the 
cerebellum, and notwithstanding this mutilation the animals cried when 
he pinched their tails ; they rubbed their noses on every mechanical or 
chemical irritation of the mucous membrane of the organ ; they ground 
their teeth when anything bitter or acid was put into their mouth ; so that 
. he regarded these rather as instinctive than reflex movements, in which 1 
cannot altogether agree with him. See Prager Vierteyahrschrift, 1854, 
1 B, p. 79. 

t Foville, Traiti complet de I'Anatomie et de la Physiologie du Systeme 
Nerveux Cerebrospinal, PI. 18, Fig. 1 Y Y" G, L. 

t I. c, PI. XVIIL, Fig. 1, L, B, B, B, B, b, b, b, b, also PI. XIV., Fig. 1, 
D, B, B, B, B, b, b, b, b. 
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more intimate uiiion mth one another, — a circumstance whicli is 
most closely connected with the functions of that organ. 

As the spinal cord is divided by an anterior and a posterior gro.ove 
or channel, as it were, into two corresponding lateral portions, con- 
nected only by its comparatively slender commissures, we see that 
the muscular actions of each half of the cord take place indepen- 
dently, that is, unilaterally; the movements of the muscles of the 
extremities and the trunk, on the one side, being capable of being 
performed separately. From the medulla oblongata, however, many 
compound muscular movements are produced, which are bilateral, 
that is, which are performed simultaneously on both sides with the 
same force ; as, for example, those of the tongue and pharynx in de- 
glutition, as also the movements accompanying speech, the voice, 
respiration, coughing, &c. 

In order that such important movements may always be per- 
formed uniformly on both sides, a system of transverse arched fibres 
appears to be placed in the medulla oblongata, reciprocally connect- 
ing most of the parts met with in that organ. These fibres are 
wanting in the spinal cord. They pass from opposite sides to the 
septum or raphe of Stilling, where they distinctly decussate at more 
or less acute angles.* 

A few of these transverse fibres arise from the nuclei of the facial 
nerve jt a much greater number come from the trigeminus, J from 
the nuclei of the accessory, the vagus,§ the glosso-phaiyngeal, and 
auditory nerves, || some connect the two corpora ohvaria with one 
another.1[ A considerable portion, however, of these arched trans- 
verse fibres take their origin from the corpora restiformia and the 
so-called soft columns, which, as Stilling has very correctly pointed 
out,** are resolved tt partly into these arched fibres, partly into the 
external circular marginal fibres of the medulla oblongata, the so- 
called fibrse arcifonnes of Arnold, or the stratum zonale. 

Through this system of fibres, the corpora restiformia and the soft 
columns appear to efl'ect an union of the two sides of the medulla 
oblongata. 

But as these corpora restiformia and the soft columns are derived 

• Fig. l,a,b,c. t Fig- 4,/, c, at the front. 

J Fig. 1, t, n, I, n, k, r, h. § Fig. 1,/, m, s, n, b. 

II Fig. 4, h, d. t Fig. 1, i, q, q, r. 

** Stilling, Med. Oblong., pp. 35 et seq. 
tt Fig. 1, «), n, I, q, n, and D, C, A. 
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from the cerebellum, and as another part of the cerebellum, namely, the 
pons Varolii, likewise establishes an union of the two sides, we can 
scarcely suppress the suspicion that a principal object of the cere- 
bellum, whose functions still appear enveloped in so much mystery, 
is to accomplish an intimate union of the two sides of the nervous 
system in the medulla oblongata and the pons Yarolii.* 

Above the medulla oblongata in the brain, most functions appear 
again to become unilateral ; we know that at least so far as motion is 
concerned, an effusion of blood in the corpora striata produces hemi- 
plegia or unilateral paralysis : so that in this respect the brain 
agrees with the spinal cord, and the medulla oblongata alone is dis- 
tinguished from the other parts of the cerebro-spinal system, by its 
peculiar system of transverse fibres, rendering it, in many functions, a 
bilaterally working organ. 

' Besides these arched fibres, uniting the right and left sides, there 
are also other transverse commissures, especially between the nuclei of 
the nerves, the action of which is mostly bilateral j thus, for example, 
between the facial nuclei, and also the nerve-trunks themselves. Kg. 
3,_/', d, h. Fig. 4, f, h, between the two accessory nuclei, Kg. 2, 
A, a, if, d, a, k, and those of the hypoglossus. Kg. 3, A before C. Kg. 
1, d, B. Fig. 12, «?, B ; to which subject I shall hereafter return more 
particularly. 

* We might even add the so-caUed crura cerebelli ad corpora quadri- 
gemina, which, according to Stilling, have been incorrectly thus denomi- 
nated {Pons Varolii, p. 70), as their fibres pass aside to the pons Varolii, 
where they likewise decussate in front of the crura cerebri, and pass into 
the so-called Haube, or integumenta pedunculorum cerebri of Stilling 
{Pom Varolii, PI. XIX., Fig. 10 D). 

It appears to me that the well-known experiments of Flourens and 
Hertwich are quite consistent with the opinion which makes the cere- 
bellum an organ of union (which, however, I put forward merely as a con- 
jecture), as irritation of the cerebellum by means of these arched filaments 
of union, which everywhere appear to be connected through interspersed 
ganglionic cells with the longitudinal fibres, must necessarily have a dis- 
turbing influence on the activity and conduction of the orders of our will. 
Indeed, in my opinion, we can hardly look upon the cerebellum as an 
organ for the coordination of movements, as, if the brain and cerebellum 
are removed in an animal, all movements harmonized by reflexion, as 
leaping, &c., still take place. 
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CHAPTEE III. 

ON THE DECUSSATION OP THE NEEVES OV THE MEDULLA 
OBLONGATA. 

When -we reflect, that the anterior, and perhaps partly the lateral 
colunms of the spinal cord, so far as they are to be regarded as con- 
ductors of the orders of onr wiU to the several motor nerves, arising 
from the anterior comua of the cord, undergo a decussation in the 
corpora pyramidalia, the question presents itself : — How are the nerves 
circumstanced, which take their origin above this decussation, and 
consequently do not participate therein ? 

This important, and, indeed, very difiicult question, has been in 
general too much neglected by physiologists. From pathological ob- 
servations, however, it appeared to be clear, that a decussation must 
also take place in the nerves alluded to, at least in part, for aU 
observations do not agree even on this point. Such a decussation of 
these nerves is, ^ jiriori, probable j for without it we can scarcely 
imagine how, when the will acts on the right side of the body, it can 
at the same time set in motion, not the left, but the right side of the 
face or tongue, and yet after apoplexy in one hemisphere of the braia 
we almost always see paralysis of the opposite side, as well in the face 
and tongue as in the extremities. 

But the manner in which, and the situation where, this decussation 
takes place, is a question by no means easily solved; as the very com- 
plicated nature of the network of thousands of fibres interlaced in 
different directions makes it very hard always to follow the true 
couise of the latter ; wMle the minuteness of these fibres and nerve- 
filaments often renders it extremely difiicult to trace them with 
certainty. 

KoUiker is the principal advocate of the theory, that the nervous 
trunks of the medulla oblongata all decussate,* and he believes that 

Milcroshop. Anat., 2 B., H, p. 467. 



EXPLANATION OE PLATE II. 

Fig. 2, A. Decussation of the Hypoglossal and Accessory Nerves. 

C. Central canal of the medulla, exactly under the extremity of the fourth ventricle. 

c. Epithelial cells in the central canal. 

R. Raphe or septum, in which the decussation takes place. 

H H'. Nervi hypoglossi, terminating in their nuclei or ganglionic groups, and rami- 
fying therein. 

1, 2, 3. Right side : the expansion of the nerve-fibres of the hypoglossus in the 
nucleus. 

A A\ Accessory nerve, passing into its nuclei a\ h' and o, U. 

a a a a, at the left, and a' a' a' a, at the right. Fibres which arise from the nucleus 
of the accessory, a /cf on the outside and inside, and pass into the raphe, iJ, in 
order ag;ain to radiate at a and a' . 

h' h' h', at the right. Fibres from the hypoglossal nucleus, h, k', on the outside, 
passing towards the raphe. 

h" h". Fibres passing from the inside of the nucleus, towards the raphe, to the 
decussation. 

A" h'". Fasciculus from the inside, which extends in front of the central canal 
towards the other side, through the hypoglossus, H, and is here lost in longitu- 
dinal fibres on the outside of the latter. 

I. Longitudinal tract, passing into the lateral columns of the medulla spinalis. 

— a a, l^ fibres, which, in place of radiating inwards in the nucleus of the acces- 
sory, radiate towards the longitudinal tract, I. Close to Z a multi-polar ganglion 
is seen, 
m, d. Transverse fibres, whereby these columns communicate with one another. In 
front of the central canal before c, transverse fibres are likewise seen, by which 
the hypoglossal nuclei are in part mutually connected. 

Eig. 2, B. Longitudinal Section of the Medulla Oblongata of a Cow, 
nearly parallel with the Eaphe, but more to the side close to the path 
of the Hypoglossus. 

a a. Longitudinal bundles of fibres which, derived from the brain, pass downwards 

(conductors of the orders of our will, or of impressions of sensation) . 
a, b, c. Oblique fibres, crossing one another in every situation, and in the most varied 

manner, and surrounding the transverse fibres, which here appear obscure. 
rf, e, fj g. Multi-polar ganglionic cells, mostly situated in or on the border of the 

transverse fibres, and giving off transverse fibres, e, /", g. They are connected 

with the longitudinal fibres, d, e, which bend into them,' and appear to lead to 

the nuclei of the nerves, 
rf, e'. Other longitudinal fibres, which bend across without passing into a ganglion. 
h h. Transverse bundles of fibres (fibrse arciformes), out across in this longitudinal 

section, and now obscurely seen. It would appear that they are connected with 

ganglionic cells. 

Fig. 3. Section of the MeduUa Oblongata, on a level with the Facial 
Nerve in a Cat. 

a, h. Eaphe. 

e, i. Abducent nerve, which, at i, d, bends outwards and does not decussate. 

/■/', d, b. Facial nerve. At/', d, its fibres surround one of the posterior cut roots 
of the auditory nerve in the fourth ventricle, and pass, in J, partly obliquely 
into the raphe, to radiate on the other side (see d,b,k); partly in transversa 
fibres to the other side (see h) . 

g, h. Nervus auditorius, which at h passes into its nucleus, whence numerous trans- 
verse fibres arise, which, as flbrse arciformes, in the course /', i, h, c, repair 
to the other side, and here pass through the raphe, to connect the two nuclei of 
the auditory. 

I I. Transversely cut root of the trigeminus, which is situated between the facial and 

auditory nerves. 
m m. Corpus olivare superius. 

Fig. 5. Small portion of the Corpus Ciliare, from the Corpora Olivaria, 
magnified 450 times. 

a a. Uni-polar gangUonic cells, whence a fibre proceeds. Probably the other fila- 
ments are cut off, and ore, therefore, not seen. 

4. Bipolar ganglionic cell, whence the one filament passes into another ganglionic 
cell, c, and connects the two. 

d d. Two ganglionic cells, giving off two filaments on the one side. 

[To face page 103. 
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hs has actually observed tliis decussation ia tJie hypoglossal* and 
accessory t nerves. 

According to the position he had assumed (which may now be re- 
garded as completely abandoned), the nerves do not terminate in the 
anterior grey cornua of the spinal cord, but pass upwards through 
the pyramids directly to the brain, f Kolliker thought that the same 
view ought also to apply in this instance, and he consequently supposes, 
notwithstanding the contradictory observations of Stilling, that the 
commencement of these nerves is not to be sought in the medulla 
oblongata j but that they derive their origin from the head in the 
corpora striata or optic thalami.§ 

On account of the importance of the matter, I have instituted 
many investigations of this subject, not only in man, but also in the 
ape, ass, horse, cow, dog, cat, and several other animals, which hs ve 
led me, after careful examination with very different magnifying 
powers, to a definite result. 

First, as to the hypoglossus, it was evident, that this nerve does 
not itself decussate, but that it is wholly lost in the hypoglossal 
nucleus and spreads out into numerous fibres, which pass over into 
the multi-polar ganglia. 

In order to make this leally very compHcated course of the severa^ 
fibres clear, I have prepared, with as much accuracy as possible, a re- 
presentation of the hypoglossal and accessory nerves in the calf (see 
Kg. 2, A) ; which differs from nature only in this, that very many of 
these different nerve-fibres do not become visible, until they are mag- 
nified from two hundred and fifty to three hundred times, when I have 
accurately traced them, and have subsequently reduced the drawing 
to about ten times the natural size, though at the latter, many of 
these fibres are not at all distinguishable. The section is taken im- 
mediately under the fourth ventricle, where the lateral walls begin to 
close to form a canal. 

This canal is seen in Fig. 2 C, everywhere invested with a conical epi- 
thelium. R, is the raphe of- Stilling ; on each side the hypoglossal 
nerve H' and H is seen passing with its fibres into the hypoglossal nu- 
cleus k, k, possessing a quantity of multi-polar ganglionic cells, which 
are merely indicated in the drawing. These fibres of the hypoglossus 
after entering the nucleus, spread out in a fan-shape, both outwardly 

• I. c. p. 458 and p. 453, Fig. 136 / Lenhossek states the same, I. v. 
p. 3 a. t I- c, p. 458. 

: /. c. p. 440, Fig. 131. § I. c. pp. 466> seq. 
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from the nucleus 1, 2, and towards the middle and inside 1, 3, where 
some fibres even lead to a tolerably great distance backwards. 

In addition to these fibres spreading from the hypoglossus through 
the whole nucleus^ in order to unite with the ganglionic cells, others 
leave the nucleus, to pass along its outside to the raphe K, U, h', and 
to the other side of the nucleus h. 

The latter fibres arise in fact, first, on the outside of the nucleus 
h', h', K , and h, and partly on the inside /i", h", so that the nucleus 
is surrounded on all sides, and, as it were, enclosed. Both bundles 
proceed to the raphe, in which they run at first more or less forward, 
to leave it again at the outer edge of the opposite side, where we can 
foUow them for a little between the network of longitudinal bundles 
and transverse fibres, until they are lost at different distances, and we 
can trace them no further ; as, perhaps from taking a curved direc- 
tion, they here appear to be truncated. Some fasciculi follow a 
somewhat different course ; a few, that is to say, as is represented at 
one side of the object, and which in this preparation occurred only 
on the one side, arise internally at K' , strike over in front of the 
canal to the opposite side, run nearly parallel with the anterior 
marginal fibres of the opposite nucleus ; but in the neighbourhood 
of the hypoglossal nerve pass more forward, and run obliquely 
through the hypoglossus, to be lost in the ascending longitudinal 
bundles at the side of the hypoglossus, W, h". 

This last fasciculus, which I have met with in many preparations, 
presents at first sight the appearance of having been derived directly 
from the hypoglossus, so that I at first thought that Kolhlier was 
partly correct in thinking he had seen that the hypoglossal nerve 
itself decussated. 

Eepeated and accurate examination with higher magnifying 
powers completely convinced me, that this fasciculus is not derived 
from the hypoglossus itself, but that it penetrates through the fibres of 
the nerve, to be lost in the longitudinal bundles, or perhaps to be re- 
fiected among them. Prom the hypoglossus itself no filaments pass 
to the other side, but aU are lost in the nucleus of its own side, 
H' 1, 2, 3. 

This is completely confirmed by the remarkable experiment per- 
formed by Stilling, who says that he has undoubtedly seen, that if 
the skull of an animal be opened, the cerebellum removed, and a 
couching-needle passed superficially or deeply into the hypoglossal 
nucleus, movements arise in the tongue, and more particularly 
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the left or right side of the tongae, accordingly as the left or right 
hypoglossal nucleus is irritated.* 

But if the hypoglossus itself decussated, passing to the nucleus of 
the opposite side, the reverse should have taken place, and when the 
left nucleus was irritated, the right side of the tongue should have 
been set in motion. I admit, however, that extreme accuracy and 
great attention are required, to foEow these fflaments with certainty, 
among other fibres running a nearly parallel course, and to arrive at 
the true state of the case, the more so, as between these fibres others 
run which are not under the control of the hypoglossus, but are 
derived from the accessory nucleus. Besides these, fibres run also 
from the postero-intemal side of the nuclei of the hypoglossus, and 
pass transversely from the one nucleus to the other, thus forming trans- 
verse conmiissures (Kg. 2 C, in front of the central canal). I have 
found this distinctly and unmistalLably in other sections taken 
higher up from the ass, where the hypoglossal nuclei lie on the floor 
of the fourth ventricle, and are united to one another by transverse 
nerve-fibres, which, as I saw satisfactorily with strong magnifying 
powers, consist of true nerve-filaments, and not of connective tissue, 
as Bidder thinks.f 

I have, on account of the close connexion, represented this in the 
same drawing. 

Thus, we see the accessory nerve. Pig. 2 A' A, entering its nucleus, 
which is stretched out, and consequently appears sHghter and longer, 
but is very rich in ganglionic cells, a', Tc, a, h. 

From this nucleus likewise arise at each side fibres, decussating in 
the raphe, both from the inside, a, h, a', H, and from the outside, 
a, a', which last pass forward and surround the entire hypoglossal 
nucleus, a' a' a', a a a. Arrived at the front of this nucleus, 
several fasciculi leave these anterior marginal fibres, to pass more 
forward, and to betake themselves to the raphe, and to disperse 
through it, a a d, a a a, passing in their course to it, with several 
windings, between longitudinal fasciculi situated here, by which they 
are separated from one another. Other fibres, derived from the acces- 
sory nucleus, continue to follow the course of the marginal fibres 
of the hypoglossal nucleus, and constitute the outside of these fibres. 

• Stilling, Med. Obi, p. 57. 

t Bidder {Untersuchungen ueher den Textur des RUchenmarhs, Leips. 1857, 
p. 97) thinks that the posterior commissure consists wholly of connective 
tissue, which I cannot admit. 
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On tlie front of the hypoglossal nucleus, therefore, marginal fibres 
exist, derived from the outside of that nucleus, a! K, ha; further- 
more, fibres derived from the other nucleus, but running more or 
less parallel to these on the opposite side, to traverse the hypoglossus 
and to be lost in the longitudinal bundles, h" h'", and, lastly, fibres 
from the outside of the accessory nucleus, which pass as external 
marginal fibres around those just described as belonging to the hy- 
poglossal nucleus, and with these repair to the ^aphe, a', a', a', 
a, a, a. Lastly, there are on the inside some fibres from the hypo- 
glossus itself, which are lost in the nucleus, H' 3. 

In a sufficiently clear preparation, however, we can, with the requi- 
site magnifying power, satisfy ourselves as to the course of these 
several fibres ; the fibres of the hypoglossus lie, in fact, rather 
more internally in the nucleus itself. 

In addition to these fibres, I found on the inside of the hypo- 
glossal nucleus, where the latter appears somewhat darker, and 
seems to possess no ganglionic cells, as is indicated on one side in 
the figure, that some fibres radiate through this part of the nacleus, 
some of which bend forwards and outwards, to be lost in the hypo- 
glossal nucleus, h". Others make a curve in the opposite direction, 
and pass into the nucleus of the accessory nerve at a, k. 

In sections taken higher up, the nucleus for the accessory and 
vagus nerves lies more on the outside of the hypoglossal nucleus, 
and in this situation the fibres proceed from the nucleus of the vagus 
in a rather straight direction ia front of the hypoglossal nucleus to tiiie 
adjoining nucleus of the vagus. The posterior marginal fibres run, 
then, quite behind the hypoglossal nucleus iiBwaids the posterior edge 
of the vagus nucleus, so that the hypoglossal nucleus is also bounded 
anteriorly and posteriorly by marginal fibres, Fig. 1, o,p, o, d, e. 

In lower sections, the accessory nucleus goes, on the contrary, 
stiQ further inwards behind the hypoglossal nucleus, the central 
canal becomes smaller, and passes more forwards, the hypoglossal 
nucleus is directed likewise at an acute angle more forwards and 
outwards, and now the marginal fibres of the accessory nucleus make 
along the entrance of the hypoglossus such an acute angle, that I 
was long under the incorrect impression that some marginal fibres 
derived from the accessory nucleus passed into the hypoglossus itself. 
Eepeated and accurate examination, however, of the calf, the ass, 
the dog, the cat, and the paradoxurus musonga, have convinced me 
that this is not the case; but that they all bend forward at an acute 
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angle in front of the hypoglossal, nnclensj to betake themselves to 
the raphe, and afterwards to radiate agaia on the other side. 

While, however, the central canal passes more forwards, the 
fasciculi derived from the inner and posterior side of the accessory 
nucleus begin to pass behind the central canal to the other side, 
where they run internally to the opposite hypoglossal nucleus, to be 
lost anteriorly among the longitudinal bundles of the medulla ob- 
longata.. Here, therefore, both before and behind the central canal, a 
decussation takes place, which latter, however, is always smaller and 
more difficult to observe, and wherein transverse fibres also appear to 
be present, passing from one accessory or vagus nucleus to the other. 
See Mg. 2 d. 

On the outside, too, of the accessory nucleus, a somewhat 
different course is occasionally observed in these lower sections. 
Thus, some fibres from the accessory nucleus, do not here joia the 
marginal .fibres of the hypoglossal nucleus, but first pass outwards 
and forwards, and in their course make a much greater curve for- 
wards between the longitudinal fibres, wander over the hypoglossus, 
and repair to the raphe, in order to pass on the opposite side into the 
longitudinal fasciculi. These fibres quite agree with the semicircular 
fibres, deliueated and described by Stilling in the medulla oblongata.* 

In following the course of these decussating fibres, which arise 
from the nuclei of the hypoglossal and accessory nerves, and are 
lost in the ascending or cerebral longitudinal bundles of the opposite 
side, I have no doubt that they are the conductors of the orders of 
our will from the brain ; that is, they run forwards between the lon- 
gitudinal fasciculi (which, as we have already seen,t derived from 
the brain, end here), to curve into these fibres, and so to accomplish 
the decussation. In the medulla oblongata, therefore, the same 
thing takes place as in the spinal cord ; here, too, the nerves end in 
the anterior grey comua of their own side, whence marginal fibres 
and radii pass outwards, and bend upwards into the longitudinal 
fasciculi, f decussating in the pyramids. These longitudinal bundles 
are likewise the conductors of the orders of our will, which they have 
received from the brain and probably from the corpora striata. The 
only difference, therefore, consists in this, that in the medulla ob- 

* Stilling, Med. Obi., p. 20. See also my Fig, 1, e, s, fibres passing to 
the raphe between b, c. 
t See above, p. 98. 
X See my Treatise on the Spinal Cord, p. 43, Fig. 6. 
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longata the fibres from the nuclei decussate immediately, wLile in the 
spinal cord they first run upwards, each on its own side, to accom- 
plish the decussation in the corpora pyramidalia. To demonstrate 
this as plainly as possible, I have — following up longitudinal sections 
I formerly made of the spinal cord in reference to the reflection of 
the longitudinal fibres* — endeavoured to prepare similar sections of 
the medulla oblongata, for which purpose, on account of the greater 
thickness of the individual filaments and the much larger siae of the 
interspersed ganglionic cells, the medulla oblongata of a cow ap- 
peared to be the most suitable. A small portion of this is seen in 
Kg. 2 B, ia a longitudinal section nearly parallel with the raphe, 
and on a level with, but anterior to, the hypoglossal nucleus. We 
here see the longitudinal bundles, a, a, h, c, which, on a transverse 
section, appear as dark intervening spaces, passing in different di- 
rections from above downwards, and interlaced ia the most varied 
manner. 

The dark spaces, h, h, situated between these fasciculi, are the 
fibrae arciformes cut across, passing to decussate in the raphe. 

Besides these bundles, we see numerous multi-polar ganglionic 
cells, d, e, f, g, almost all of which appear to be connected with 
longitudinal fibres curving to assume a transverse direction ; while 
from their other side numerous transverse fibres radiate, but for the 
most part cannot be followed to any distance. A few longitudinal 
fibres also assume a transverse direction without intervening ganglia, 
d, e', d, h. 

Hence it is sufficiently evident, that many, and, ptobably, in my 
opinion, by far the greater number, if not all, the longitudinal fibres, 
derived from the brain bend in the medulla oblongata into transverse 
fibres. Many of these transverse fibres were directed forwards, others 
backwards, to pass over into the accessory ganglia lying in front, 
or posteriorly to the raphe, to decussate in the manner above 
described. 

In reference to this subject, I was struck with the fact, that the 
interspersed ganglionic cells were almost always situated close to, or 
between the fibrse arciformes, which were here cut across. It seems 
to me to be not unlikely that these ganglionic cells might also 
connect the ascending or cerebral longitudinal fasciculi with fibrse 
arciformes for lateral action or decussation j yet I put this forward 
only as a conjecture to be verified by subsequent special investigations. 
* Treatise on the Spinal Cord, PI. II., Fig. 6. 
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That a decussation takes place between the hypoglossiis and the 
brain has long been known, from numerous pathological observations 
of hemiplegia after apoplexy. The remarkable point, however, in this 
form of paralysis, which has given rise to many theories, consists in 
this, that the tip of the tongue is inclined to the paralyzed side of 
the body, as we should expect if the paralysis existed on the opposite 
side, making it appear, in hemiplegia of the right side of the body, 
that the action of the right side of the tongue drew the tip to 
the right from the opposite paralyzed side. This is, however, by no 
means the case : thus, if the left hypoglossal nerve be cut through, 
the tongue is inclined to the left side.* LaUemand, whoj in his 
excellent Recherches sur V Encephale, quotes many examples of 
paralysis of one half of the tongue, and obliquity of its point towards 
the paralyzed side, endeavours to explain the fact, by observing, 
that as the genioglossus of the healthy side protrudes the tongue, 
the latter must be inclined to the paralyzed side, on account 
of paralysis of the other genioglossus.t However, the tongue is 
often oblique, when it Hes at rest in the mouth, without being 
protruded. 

Bidder attempts to account for this obKquity of the tongue by 
showing, that as one side of the os hyoides is drawn upwards, the 
bone must stand obliquely, and so communicate an oblique direction 
to the tongue, t 

It is, in fact, not easy to explain this obliquity ; as we should 
expect, that especially the styloglossus, which runs along the outer 
edge of the tongue, and also the lingualis, should in hemiplegia, 
necessarily draw the tip of the organ to the sound side. 

But it appears, that the genioglossus, which passes from the 
superior genoid process of the under jaw obliquely upwards and out- 
wards to the tongue, in consequence of its obHque direction, draws 
the organ in hemiplegia to the other side; in addition to which, 
the transverse muscular fibres, which ia hemiplegia can hardly be 
semi-paralyzed, are able to contribute their part towards drawing the 
paralyzed weaker side of the organ more into the middle, and so to 
.pooperate ia inclining the tongue. As the obliquity of the os hyoides 
is not always present, it appears to me that we cannot rrfer the 

* Panizza, Versuche iieher die Verrkhtungen der Nerven, Erlangen, 1840, p. 
101. Bidder, Versuche, in MiiUer, ArcUv, 1842, p. 110. 
t Lallemand, JRecherches, Lettre 1, obs. 7, p. 23. 
t MiiUer, Arehiv, I, c, p. 111. 
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inclination of the tip to it, but the paralysis of the one hyoglossus 
would occasion the other to draw the middle and posterior part of 
the tongue to the sound side, and so indirectly in connexion with 
the action of the genioglossus, to inflect the point of the organ 
towards the paralyzed side. But it is not always the case in hemi- 
plegia that the tongue is inclined to the paralyzed side, and thus 
the explanation is rendered still more difficult.* 

Such a condition, I myself witnessed last autumn in the Meeren- 
berg Institution for the Insane, in an idiot with incomplete hemiplegia 
and atrophy, in whom I immediately recognised an analogous case to 
one I formerly described and delineated in the works of the Eoyal 
Netherlands Institute.f 

The fight forearm was in this instance about three inches shorter 
than the left, and was very much atrophied, while on the contrary, the 
head was greatly awry with atrophy of its opposite side, that is, of the 
left half, just as in the case formerly described by me, of which, at 
the time, I endeavoured to give a satisfactory explanation. 

On requesting the patient to put out his tongue, I saw to my 
surprise, that the tip was directed towards the left side, that is, 
towards the sound half of the body, even when the organ was not 
protruded. The power of articulation, although interfered with, was 
not entirely lost. 

As I was on the point of leaving the Institution some new patients 
were brought in, and among them was a girl, in whom I immediately 
recognised a similar case; bat in this instance, the left forearm was 
atrophied, and was upwards of three inches shorter than the right, 
while the right side of the head was very much wasted> so that the 
inequality struck the eye at once. On examining the tongue, I found 
it likewise curved and lying obliquely in the mouth, but with the tip 
to the right side ; consequently, again in opposition to the paralyzed 

• See a case of tWs kind in Lallemand, Jtecherches sur I'Ennephale, Lett, 
vii., p. 45. In this instance the paralysis was on the left, and the tongue 
was inclined to the right side. In irritation too, the same side of the tongue 
and face may be affected ; as occurred, amongst others, in a case where the 
tongue was, by spasms, rendered as hard as wood, and was drawn upwards 
and to the left side, while the mouth was also drawn to the left si^. 
Medico-Chirurgical Transactions, Vol. IV., p. 25. Also in Pflmger; Functionen 
des Biiclcermarhs, Berlin, 1 853, p. 84. 

f Case of atrophy of the left hemisphere of the brain. Verhand. der 
Eerste Klasse van het Kon. Ned. Inst., 3rd Series, Part V., 1852. 
Amsterdam. Sulpke, 
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half of the body. The paralysis was, however, in both cases incom- 
plete, especially in the legs, the two patients being able to walk; 
but it was worse in one arm, which, in either instance, was held in a 
curved position. 

These two cases having been accurately observed at the same time, 
and exhibiting the atrophy in opposite sides of the body, were suffi- 
cient to show a manifest connexion between this affection and the 
obliquity of the tongue. 

I believe, however, that we must seek another explanation of these 
cases. Thus, in both instances, atrophy of the one-half of the brain ex- 
isted, and on the opposite side from the atrophy of the body. In these 
cases, too, as I have mentioned in the communication quoted above, 
atrophy of the medulla oblongata was present, above the decussation 
on the side of the atrophy of the brain ; below the decussation on the 
opposite side.* 

The hypoglossus, however, arises close to, or even above the decussa- 
tion, consequently from the part of the medulla oblongata where the 
atrophy still existed on the same side as that of the brain. In the case of 
atrophy of the right cerebral lobes, therefore, the hypoglossus of the 
right side participated in the paralysis. Now, as the tongue is curved 
towards the side of the paralyzed hypoglossus, it must incline to that 
of the atrophy of the brain, that is, to the side opposite to that on 
which the atrophy of the body exists. 

However this may be, it is enough that in paralysis without atro- 
phy, in consequence of an attack of hemiplegia, the point of the 
tongue is always turned to the paralyzed side, and that the paralysis 
of the tongue is, in these cases, on the same side as that of the body ; 
sufficiently proving that the orders of our wiU pass from the brain 
along decussating nerve-ffiaments, which quite agrees with the results 
of my anatomical investigations. 

Finally, the transverse commissures, uniting the nuclei of the hypo- 
glossal and accessory nerves, on the floor of the fourth ventricle, will 
contribute to the simultaneous bilateral effects, which are in so high 
a degree peculiar to these nerves. Lastly, I found, in some sections, 
behind the nuclei of the hypoglossal and vagus or accessory nerves, 
on the floor of the fourth ventricle, several slender longitudinal mi- 
nute fasciculi, which appear to connect these nuclei with parts 
situated higher up. 

"What I have said of the vagus, accessory, and hypoglossus, is also 
• /. c, p. 6, PI. II. Fig. 3. 
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true of the glosso-pharyngeal nerve. IVom its nucleus, likewise, 
fibres arise, which proceed to the raphe, and turn more or less for- 
ward, to be lost in the longitudinal fasciculi on the other side. It is, 
however, very remarkable, that the trunk of the nerve, according to 
my observation in several preparations in man and some animals, as 
in the ass, passes through the middle of the trunk or root of the tri- 
geminus. 

From the foregoing, however, it appears, that these marginal 
fibres, which terminate in the nuclei of the nerves, and, after the 
decussation, pass upwards to the brain, are not peculiar to the motor 
nerves. They occur also around the nucleus of the vagus and glosso- 
pharyngeus, and, as these are nerves of sensation or centripetal influ- 
ence, their marginal fibres must have similar functions ; that is, they 
must convey the impression produced in the nuclei of the nerves to 
the opposite side of the brain, so that a decussation accordingly takes 
place in the action of the nerves of sensation, as well as in those of 
motion. 

Prom this we at once clearly perceive, that the nerves of sensation 
do not themselves decussate, but terminate in nuclei on their own 
side, while the impression produced in them is conveyed to the 
opposite side. This will, perhaps, be rendered stiU more apparent 
by observing the course of the great root of the trigeminus, which 
indisputably descends on the same side into the medulla oblongata, 
and, as we shall hereafter see, terminates on a level with the inferior 
edge of the corpus oKvare, or of the inferior radical filaments of the 
hypoglossus. This is a fact so generally acknowledged, that no ana- 
tomist has ever asserted that the sensitive root of the trigeminus 
itself arises from the opposite side of the medulla oblongata, since we 
can, with great facility, trace it downwards along the same side. 

It is, however, evident, that the sensitive influence must be con- 
veyed to the other side, just as occurs in the nerves of motion, as, 
otherwise, no harmony could exist between the two sides. Indeed, 
as I have already elswhere remarked, "if the nerves of sensation pass 
directly upwards along the posterior columns into the medulla ob- 
longata, the nerves of sensation of the right side would, above the 
decussation, be situated next the motor filaments of the left side, 
which, as is well known, decussate below the corpora pyramidaUa, 
and thus the sensations of the right arm would fall on the side of the 
incitement to motion of the left, which must cause confusion."* The 
* Essay on the Spinal Cord, p. 79. 
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same is true also of the nerves of the medulla oblongata ; the sensa- 
tions of the right lingualis would be situated on the same side as 
the conductors of the orders of our will to the left hypoglossus. 

Hence it appears, that the perception of sensation cannot be 
situated in the nuclei of the sensory nerves themselves, as those of the 
vagus, glosso-pharyngeus, and trigeminus ; but that the impressions 
excited here must be conveyed by other fibres, which, as we have seen, 
decussate to the other side, and to a point or part which is, in fact, 
as yet unknown. As we have above remarked,* the medulla oblongata 
and some parts situated a little higher up, perhaps as far as, or even 
in, the thalami optici, which are, as it were, the upper extremities of 
the posterior grey horns of the spinal cord, appear to be the seat of 
sensation, as the corpora quadrigemina are the seat of the perception 
of light. But the optic nerves present this exception to the others, 
that they themselves decussate, causing perception from the left eye 
to take place in the corpora quadrigemina of the right side ; so the 
rule holds good for both the nerves of motion and sensation, that 
everywhere the seats of the impression of our will and of perception 
are situated on the side opposite to the nerves. Where, however, 
this point of perception is, we cannot venture to guess. 

I formerly supposed that the place of decussation of the nerves 
of sensation, should be situated in the medulla oblongata.f The ex- 
periments of Brown-Sequard have subsequently shovm, that the de- 
cussation of sensation occurs in the spinal cord itself, the right side 
of the cord being, for example, the conductor of the impression of 
the sensory nerves ramifying in the left or opposite side of the body. J 
Through the kindness of my friend J. A. Pies, Lecturer at the 
Military Hospital in Utrecht, I have been able to convince myseK 
of the correctness of this position, and have seen, that on cutting 
through the right half of the spinal cord of a goat, the left leg be- 
came devoid of feeling, and the right paralyzed as to motion, while 
a high degree of sensibility remained in the latter. 

Some have been inclined to infer from this, that the nerves of 
sensation themselves decussate, and do not terminate on the same 
side, and Stilling says expressly, that a portion of the posterior 

• Page 93, note f. 

t Essay on the Spinal Cord, p. 79. 

X E. Brown-Sequard, Recherches explrimentales sur la transmission des im- 
pressions sensitives dans la Moelle epiniire. Gazette Hehdom. de Mid., 1855, 
t. II., Nos. 31, 36. 
I 
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nerve-roots passes into the commissnres,* and that they thns appear 
to decussate directly, while this is said not to be the case with other 
sensory filaments. But as Stilling himself promises hereafter to com- 
municate his ideas on the true origin of the neTves,t 1 will not dwell 
longer on the subject, 

Prom the great analogy, however, which exists between the sensi- 
tive nerves of the spinal cord and of the medulla oblongata, I think 
we must for the present infer, that the nerves of sensation in the 
cord also arise from the ganghonic cells in the posterior grey cornua, 
whence, probably, filaments are derived, which decussate in the com- 
missures and pass farther upwards. Such a view would afford 
the best explanation of Brown-Sequard's experiments, and would 
reconcile them with the indisputable facts of the course of the 
sensory nerves in the medulla oblongata. From these experiments it 
would appear to follow as a necessary consequence, that the decussa- 
tion for the nerves of sensation takes place in the spinal cord, in the 
neighbourhood of the origin of the sensory root.J 

As, however, the posterior grey cornua, as I have observed in my 
Essay on the Spinal Cord, pages 52 and 68, are much more slender in 
the back and above the cervical bulb, and therefore contain a much 
smaller number of the fine ascending fibres than exist in the lumbar 
and cervical expansions, these fibres cannot, in my opinion, serve for 

* Stilling, Neue Vntersuchungenrueber den Bau des Jtilckenmarks. Cassel, 
1857, Part II, p. 265 C, pp. 268 et seq. See also Part I., pp. 119, 131. 

t Stilling, /. K., Part IIL, p. 628. I observed in one of my patients, 
that pressure on the anterior surface of the left thigh, a hand's breadth 
above the knee, immediately excited a very painful sensation in the ankle 
of the right foot. This would seem to indicate an intimate connexion be- 
tween the nerves of sensation of each side. The reflex action would, in 
this instance, however, take place, from the left crural nerve to the root of 
the right sciatic. The phenomenon has lasted many months. Pressure on the 
ankle, however, does not in return produce any pain in the thigh. 

t I readily admit, that in my former essay on the spinal cord, I may 
perhaps have erred in my theory of the sensitive nerves, and may have mis- 
taken nerves of sensation for nerves of reflexion and vice versd, and that, 
therefore, probably the sensitive nerves are the transverse roots, and the 
reflex nerves the ascending filaments, which, according to Stilling (Neue 
Untersuchungen,Vaxt II., p. 265, and pp. 285, etseq.), are said again to turn 
towards the grey matter. As Bidder declares that he could not, after a careful 
examination, discover these ascending fibres of the posterior nerve-roots 
(Untersuchungen ueber die Textur des RUclcenmarks, Leipzig, 1837, p. 89), I 
am glad to see my observations confirmed by so accurate an investigator 
as Stilling, 
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the conduction of perception; on the contrary, while the proper 
sensory filaments appear to pass over into the ganglionic cells of the 
spinal cord, other conducting filaments spring from this origin of 
the nerves of sensation, which, as in the medulla oblongata, seem to 
pass to the opposite side, to turn upwards into the posterior columns, 
and so to convey the impression to the brain. Hence it also follows, 
that we cause insensibility, according to the experiments of Brown- 
Sequard, by a longitudinal incision into the middle, or by destroying 
the grey 'matter. Brown-Sequard appears, however, not to have, 
in every instance, accurately distinguished reflex .impressions from 
the perception of feeling. 

If, however, we trace the mode in which, accordingto the experience of 
Ludwig Turck, degeneration advances in the spinal cord, that is, in com- 
pression or any other morbid condition of the cord, the extension will be 
found to take place always in the posterior white columns above, and in 
the anterior beneath the seat of lesion (See Ludwig Turck in Froriep's 
Kotizen, 1857, u. B. No. 9, p. 157), whence we must infer that the posterior 
columns exercise a centripetal influence towards the brain, and the anterior 
a centrifugal influence, and that, consequently, the posterior columns are 
most closely connected with sensation. I consider it impossible to attain 
to certainty on this subject by the performance of vivisections, and Brown- 
Sequard's experiments do not appear to me to be in every instance satis- 
factory. 



I 3 



116 NERVES OF THE MEDULLA OBLONGATA. 



CHAPTER lY. 

ON THE ORIGIN OF THE NERVES FROM THE MEDULLA OBLONGATA. 
THE FACIAL NERVE. 

Among the nerves of the medulla oblongata there is probably not 
one the origin of which is so difficult to define with certainty as the 
facial nerve. 

In the human subject, the course of this nerve is, as has been 
correctly shown by Stilling, very much curved or inclined downwards, 
just as is also the case with the abducent nerve.* It is very clear 
that both these nerves are pressed downwards in their course 
through the medulla oblongata, in consequence of the great breadth 
of the pons Varolii altering the transverse direction pecuhar 
to the other nerves of the medulla oblongata. In animals, how- 
ever, where the pons Varolii is narrower, these nerves maintain a 
straighter direction, and can, on a transverse section, easily be exposed 
throughout their whole transit ; on the other hand, in many animals 
their course is inclined, more or less obliquely, forwards and down- 
wards.t 

This nerve is specially distinguished by a peculiar white tint of its 
fibres, which run very parallel to, one another. It is hence easily 
recognisable. In its course the trunk bends inwards in front of the 
fourth ventricle, and appears, after it has approached the floor of the 
latter, to run transversely inwards to the raphe, into which most of 
its fibres seem to pass,t in order again to radiate forwards on the 
opposite side.§ 

In this course, however, along the floor of the fourth ventricle, 

* StilliQg, Pom Varolii,!^. 154, Plate XVIII, Fig. 2, facialis, Fig. 1, abducens. 

t In consequence of the greater thickness of this nerve in the larger 
animals, its entire course through the medulla ohlongata is very heautifully 
and distinctly seen, even with the naked eye, especially in the calf, horse, 
and ass. Fig. 3, //', Fig. 4, //'. 

t Fig. 3,//', d. See also Stilling, Pom Varolii, Plates III., IV., V. 

§ Fig. 3,//, d, b, k k. 



EXPLANATION OF PLATE III. 

Eig. 4. Section of the Medulla Oblongata in the Calf, on a level 
with the Facial Nerve. 

a, b. Raphe. 

e, d, Transverse fibres, passing through the raphe to the decussation. 

e, f. Nervus abducens. At f, it curves outwards through the nucleus of the facial 

nerve. 
/', f. Nervus facialis, terminating at/, in its nucleus. 
g, g>. Nervus auditorius ; at g' furnished with large ganglionic cells. 
A. Nucleus of the auditory nerve ; A, d, transverse fibres passing from this nucleus 

through the raphe to the other side. 
r, Ti. Transverse fibres from the nucleus A, and from the auditory itself at ^', which 

radiate posteriorly to pass into the cerebellum. 
w. Fibres from the nucleus of the auditory A, to the nucleus of the facial nerve, for 

reflex influence through the latter on the stapedius muscle, the tensor tympani, 

and on the motions of the concha. 
n. "Very slender fasciculi of the corpora pyramidaUa, which in the herbivora are very 

small. 
I, r, Transversely cut root of the trigeminus, which is closely connected with the- 

nucleus of the auditory by fibres, r, h. 
u. Accessory nucleus, with large ganglionic cells, connected by radiating fibres o,f, 

with the facial nucleus, and by transverse fibres r, o, with the root of the trige- 
minus, for reflex action in winking. 
p, g. Corpora olivaria superiora in the calf, whence fibres radiate to the facial nucleus 

/, for refiex action, and the expression of mental emotions. 
a, n, q, o,f'. Transverse fibres from the corpus trapezoides, under the pons Varolii, 

to connect the two sides of the medulla oblongata. 
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it exhibits many peculiarities, still further distingnishing it from 
other nerves. 

Stilling observes, and I have myself confirmed his statement, that 
the trunk of the facial nerve is for the most part united into a single 
fasciculus; rarely do any filaments of longitudinal fibres intervene, 
in which case the nerve presents the appearance of consisting, more 
or less, of two divisions.* In its course through the medulla it is 
situated to the inside of the trigemiaus, without decidedly mingling 
with it.t 

What Stilling remarks of the difference between the inferior and 
superior portions of the facial nerve, is, however, of great importance. 
Thus, while its lower parts terminate in a proper nucleus, J the 
superior fibres exhibit a different relation. These latter appear to 
pass directly into the raphe, without being lost in the nucleus, and 
to decussate in it; their further course this writer could not dis- 
tinctly trace. In their transit they enclose a bundle of longitudinal 
fibres, which Stilling considers to be a root of the trigeminus, the 
fibres of the facial nerve passing anteriorly and posteriorly along this 
fasciculus. § 

In stiU. higher parts, according to the same author, we see no further 
trace of a nucleus ; but the fibres of the facial, in his opinion, bend 
downwards to pass into the nucleus situated inferiorly, while other 
fibres of the same pass through the raphe to the columns, of the 
spinal cord, of which they are said to be prolongations, thus giving to 
the facial nerve a double origin. Stilling acknowledges, however, that 
this would require to be confirmed by more accurate investigations. || 

Although I can yield a general assent to the description of the 

* Stilling, Pons Varolii, p. 37. This is also in some measure represented 
in my Fig. 3. It occurs to a greater extent in the abducent nerve, Fig. 4, e,f. 

t Fig. 9,ff', 1 1', Fig. 4, /, I, r. Stilling considers this part to be the 
continuation of the former gelatinous matter from the posterior horns of 
the spinal cord, and the adjoining posterior white columns, in which I 
cannot agree with this writer {I. e. p. 37). I shall hereafter return to this 
subject more fuUy. 

X Stilling, Plates III., IV., n n' h, and my Fig. IV.,//. 

§ Stilling, I. e. p. 37, Plate V., n n a. See also my Fig. 3, //, d, h. 
We shall hereafter see that this fasciculus of longitudinal fibres, which is 
enclosed by the trunk of the facial nerve at the fourth ventricle, has 
nothing in common with the trigeminus, but is one of the cut posterior 
roots of the auditory nerve. In the horse and ass, where these roots 
follow a more oblique course upwards, they seem not to decussate with the 
facial. II '• «• P- 38. 
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course of the facial nerve given by StiEing, and though I also have, 
in most animals, met many cut fibres ia the superior tracts of the 
nerve, yet, in the horse and ass the individual fibres of the facial 
nerve, which is in these animals so large) are so thick and plainly 
recognisable that, strange as it appeared to me, and much as I felt 
the 'difiB,Gulty of explaiaing the fact, I was compelled to adopt the 
opinion, that many of its fibres run directly into the raphe, without 
being interrupted by a nucleus. I have, however, at the same time 
observed, that in this course many isolated little ganglionic, groups, 
and even separate gangbonic cells, were met with between the fibres 
of the nerve ; so that although I thought I could trace some of these 
fibres uninterruptedly into the raphe, I cannot state positively that I 
did so ; there can, however, I think, be no doubt, that all the fibres 
of the facial nerve do not arise from one and the same ganglionic 
group J whether it be that some fibres pass immediately through the 
raphe to the other side, or arise from separate ganglioni& ceUs. 

It is moreover remarkable that, at least in the ass, the trunk of 
the facial nerve passes through the middle of the great root of the 
trigeminus ; nevertheless, I have not succeeded in discovering any 
immediate connexion between these two nerves. 

The principal nucleus for the facial nerve, after; having received 
on the outside many fibres from these nerves, gives off, on the inner 
side, a number of fibres, which, as we have seen in the nucleus of the 
hypoglossus, pass over into the raphe, to leave it again more ante- 
riorly.* It is, however, remarkable, that some fibres pass completely 
behind the raphe to the other side.f But the same is also the case with 
the superior portions of the facial, where no nucleus is any longer 
visible. J That these fibres do not — ^as Bidder, in his very recent work 
on the spinal cord,§ states respecting the posterior commissures — 
consist of connective tissue I have succeeded in determining with 
certainty in the horse, the ass, and other animals, as I could dis- 
tinctly trace them into the facial nerve. It is certain, that of all the 
nerves of the medulla oblongata, not one has such an intimate con- 
nexion with the nerve of the other side, whether directly, or indirectly 
through the intervention of ganglionic cells, as the facial. 

• Fig. 4,/, h, c. t Fig- 4, h. X Fig. 3, b. 

§ Bidder, Untersuchungen ueber die Textur des RUckenmarks, Leipzig, 
1857, pp. 47 and 95, No. 11. With reference also to the spinal cord itself, 
I can by no means admit this opinion of Bidder as to the presence of so 
much connective tissue. 
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If, however, we reflect upon the functions of the facial nerve, 
we cannot be so very much surprised at the variety of its origin, 
and the close connexion between the nerve of the one side and that 
of the other. The function of the facial nerve is, for the most part, 
bilateral. We can, it is true, move the muscles of one side of the 
face more or less separately, but in animals this power, except in 
the movements of the ears and eyeUds, appears to be almost entirely 
wanting. In fact, I very much doubt whether a dog, cat, horse or 
ass, possesses the power of drawing the mouth awry, of moving only 
one ala nasi, or of voluntarily shutting one eye closely, for which, 
even in man, a certain amount of practice and exertion is re- 
quired.* 

But the fibres of the facial nerve which, without entering into the 
facial nucleus, pass immediately to the raphe, are proportionally much 
more numerous and considerable in the horse and ass than in man, 
or even than in the higher animals ; while the proper nucleus is, on 
the contrary, much larger in man. Hence we may probably infer, 
that that portion of the facial nerve which arises from the nucleus, 
or perhaps, also, even from superior smaller nuclei and gangUonic ceUs, 
admits of movements more or less independent. As, however, a part 
of the nucleus appears to be united posteriorly, by means of transverse 
fibres, with the nucleus of the other side,t those parts alone of the 
facial nerve which arise from ganghonic cells, not immediately con- 
nected with those of the opposite side, should admit of a unilateral 
movement. And as these fasciculi of transverse fibres behind the raphe 
seem to be proportionally much larger in animals, particularly in 
the horse and the ass, and even in the dog and cat, than in man, while 
the proper nucleus for the facial nerve is smaller in animals, the uni- 
lateral action of the facial nerve should be much less in these ani- 
mals than in man. But the fibres which pass from the ganglion into 
the raphe, and radiate to the other side must — just as we have seen in 
the hypoglossal and accessory nerves — ^be considered as conductors of 
the orders of our will, so that a decussation taies place here also ; as 

* It is, however, remarkable, that in dogs and rabbits, when an object is 
approximated to the eye, nictitation of the eyelids takes place only on the 
one side, while in man the closing occurs in both eyes. But this, closing 
of the eye is involuntary, and is not to be confounded with the voluntary 
action of the facial nerve. I shall hereafter endeavour to give an explana^ 
tion of this phenomenon, which is produced by reflex action. 

t Fig. 3, d, b, Fig. 4,/, h. 
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it is knowiij that in paralysis after apoplexy the side of the face is 
paralyzed, which is opposite to the lesion of the brain.* 

The nucleus of the facial nerve is, however, connected with many 
other parts ; in the first place, with the nucleus of the auditory nerve, 
subsequently with the great root of the trigeminus, and again with 
some remote ganglionic groups, to which the corpora olivaria also be- 
long. But as the latter are also very closely connected with the nucleus 
of the hypoglossal and accessory nerves, I will hereafter consider these 
more remote ganglia separately under the name of accessory ganglia, 
which exercise a more complicated reflex action on the nerves, and 
shall confine myself, in this portion of the work, to the proximate 

* Almost all observations of paralysis of the face show that in hemi- 
plegia the facial nerve is paralyzed on the side opposite to the lesion of 
the brain, causing the mouth to be drawn to the healthy side of the body. 
Of this we find very many examples in, among others, Lallemand, Re- 
cherches sur FEncephale. In cases in which one side of the body is affected 
with rigidity, the mouth is drawn to the same or the affected side, in con- 
sequence of the facial nerve of that side acting more strongly .-» Paralysis 
of the side of the face opposite to that of the body, seems to be an ex- 
tremely rare occurrence. A short time ago, a very remarkable example 
of this lesion occurred to me, where the mouth was drawn very strongly 
to the left side, in consequence of paralysis of the right facial nerve, so 
that the lids of the right eye could not be closed, and where a paralytic 
affection with partial insensibility of the left extremities existed. Here, 
therefore, the right facial nerve was paralyzed in opposition to the p4^ 
ralysis of the extremities ; in this case, too, the tongue was inclined to 
the right side. 

A remarkable case of paralysis of the face on the side opposite to that 
of the paralysis of the body, is to be found in Schmidt's Jahrhuch, 1857, 
No. 3, p. 297. In this instance the right side of the body was paralyzed, 
and the mouth was drawn to the right ; the left eye could be only half 
closed ; on dissection, the cerebrum was found to be softened. In the pons 
Varolii, chiefly on the left side, was a reddish depressed spot, and a hard 
tumour of the size of a walnut, tapering backwards. The wbole process 
had extended further in the left side of the pons than in the right. In 
front of the pons, the membranes of the brain were thickened and adherent 
to one another, and in the left half they were attached to the groove be- 
tween the pons and the left convolutions of the brain. The left nervus 
trigeminus was softened, the left facial nerve was normal. In this case 
there was, therefore, evidently paralysis of the right side of the body, with 
paralysis of the left facial nerve. 

The writer seeks the explanation and the seat of the disease in the 
pons, in which he thinks the facial nerve decussates. In man, the facial 
nerve, in consequence of its high course, and its oblique direction upwards, 
runs partly through the pons Varolii. The opposition in the paralysis 
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origin of the nerves from their nuclei, and the intimate connexions 
of these last with adjoining nerves. 

Por these reasons, I now proceed to the auditory nerve, which 
leaves the spinal cord close to the facial nerve. 



THE AUDITORY KEETE, 

In the medulla oblongata the two nerves, the facial and the audi- 
tory, are immediately separated from one another by the prolongation 
of the root of the trigeminus, which is situated between the two.* 
In order to observe this course of the auditory nerve, I should 

must, therefore, be explained, in this instance, by the corpora pyramidalia 
being impaired in the pons above the decussation, the facial nerve below 
its decussation ; whence the author draws the conclusion, that this case at 
the same time shows that the facial nerve decussates not partially, but 
perfectly, as otherwise complete paralysis covld not take place on the one 
side : which, however, if the trunk of the facial nerve was injured, accord- 
ing to his opinion, in its passage through the medulla, would not be 
proved, as in that case, of course, only the one facial nerve could be 
paralyzed. 

I believe that in this and the other cases, the vmter's explanation is 
pretty nearly correct ; that is to say, when the pons is affected on the left 
side, the corpora pyramidalia may at the same time be injured, producing 
paralysis of the right side of the body, and of the left facial nerve, where 
it runs through the inferior part of the pons. Such a crossing of paralysis 
should, therefore, indicate that the seat of the disease is in the pons Varolii. 
See also Romberg, Lehrbuch der Nervenhrankheiten, 1840, 1. B., p. 225. 
Whether, however, we may infer, that in hemiplegia, where the face is not 
affected, the seat of lesion is always below the facial nerve, I cannot say ; 
as the fibres from the brain, conveying the orders of our wiU to the facial 
nerve, probably arise from a different point in the brain or corpora striata, 
from those which conduct them along the corpora pyramidalia to the ex- 
tremities, and which may, therefore, also be separately affected. By accu- 
rate pathological observations and dissections alone shall we be able to 
discover these different points. 

It is also possible that two distinct lesions may exist in the brain, one 
of which shall be situated on the side opposite to the other ; that on the 
one side affecting the extremities, and that on the other the facial nerve 
and the tongue. See, further, a case of paralysis of the right half of the 
face, and of the left side of the body, by Romberg, Lehrbuch, 1. B., 3 Abth., 
pp. 808 et seq. 

* Figs. 3 and 4, I I, between the auditory nerve, g, and the facial, /, 
which is erroneously designated by Stilling as gelatinous matter, and pos> 
terior white column of the spinal cord. 
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particularly recommend the calf, horse or ass, where the nerve 
is very thick, and its origin extremely beautiful and distinctly seen. 

The auditory nerve also belongs to the rather compound nerves. 
Its roots are generally known; they proceed from the fourth 
ventricle, more or less obliquely outwards, to turn round the corpus 
restiforme, and so to pass over into the trunk of the nerve. 
StiQiag found near the point where these fibres emerge to constitute 
the auditory, a peculiar group of ganglionic cells, which appear 
to be closely connected with them.* The nerve itself pene- 
trates obliquely between the corpus restiforme and the root of the 
trigeminus (Stilling's white posterior columns of the spinal cord), 
in somewhat of a curved form, towards the fourth ventricle, from 
which, however, as StiUing very justly observes, it continues further 
removed than the facial nerve, in the direction of the so-called 
locus coeruleus,t in which he still distinguishes some divisions. 

It is particularly remarkable, that the fibres of the auditory nerve lie 
by no means so close to one another as is the case with other nerves ; 
but that their fasciculi are separated by several columns of longi- 
tudinal fibres, passing upwards between the filaments of the nerve 
into more distinct fibres, f 

In no other case is it so easy to see the connexion between the fila- 
ments of the nerve and the ganglionic cells whence they arise. This 
is particularly evident in the calf. These ganglionic cells are of the 
largest kind, being plainly distinguishable even when magnified only 
eight or ten times,§ and with a magnifying power of 40 or 50 it can 
be satisfactorily seen, that the filaments of the auditory nerve arise 
from them. These cells are again connected with one another by 
several filaments, and subsequently give off central filaments, passing 
to a group of ganglionic cells or nucleus situated more deeply 
near the fourth ventricle. || This nucleus, which is very distinct, 
particularly in the calf, consists of a number of ganglionic cells, be- 
tween which fibres run iti aU directions. In the first place, it receives 

* stilling. Pom Varolii, pp. 28 and 1 62 ei seq., Plates I. and 1 1, k, and p. 1 53. 

-|- Stilling, /. c. p. 38, Plate L I, m, n, n, Plates II., III., IV., m, m, and 
Plate XVIII., Figs. 13, 14, 15, pp. 122 et seq. See also my Fig. 4, g, A. 

t Fig. 4, g, g" Also Stilling, Plate II., m m". § Fig. 4, g. 

II Fig. 4, h. Stilling has certainly not examined this origin of the audi- 
tory nerve from these ganglionic cells in the calf; as he considers it to be 
uncertain, I. c. p, 159, and even denies the existence of a distinct nucleus 
to the nerve, /. c. p. 158, b, although he describes the connexion of very 
large ganglionic cells with its fibres. 
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the fibres of the auditory nerve ;* next a ninnber of fibres, derived 
from the corpus restiforme and from the cerebellmn, spread through 
it, exhibiting a peculiar waving curve, especially ra the calf.f In 
other places these fibres run a straighter course from the cerebellum. J 
It appeared to me evident, that some fibres of the auditory nerve, 
arising from large ganglionic cells of the auditory, bend down trans- 
versely into these fibres, and pass with them to the cerebellum. § In 
some sections I distinctly saw several large ganglionic cells, perfectly 
uniform with those of the trunk of the auditory nerve and connected 
with them, extending between these fibres which come from the cere- 
bellum ; leaving no doubt that the auditory nerve is very closely 
connected with the cerebellum ; the design and explanation of which 
connexion is, however, in my opinion, obscure. || 

It is known, that Eoville has described a connexion between the 
auditory nerve and the flocculus.T[ This connexion I have confirmed, 
and to it have attributed the peculiarly large size of the flocculus in 
the rodentia, which are possessed of acute hearing.** At the same time, 
I do not pretend to decide what part the cerebellum plays in the 
perception of sound ; on the contrary, I admit that the use of this 
connexion is still unknown to me. 

In several preparations, especially those taken from the ass and 
calf, I satisfied myself, that between the auditory and trigeminal 
nerves, where the former encircles the trunk of the great root of the 
latter, there is a community of fibres, all of which possess ganglionic 
cells. I have endeavoured to exhibit this connexion in my drawing. 
Fig. 4, on the inside of the auditory nerve ^. 

On the other side of the nucleus (Kg. 4 /i) a number of large 
bundles of fibres radiate, which are, particularly in the calf, extra- 
ordiaarily large, and turn in the most beautiful manner round the 

• Fig. 4, /, h. t Fig- 4, i, k. 

I stilling, Plates 11., III.,/,/. § Fig. 4, i, g". 

II In the ass, T found in the radiations of the auditory nerve, towards 
the cerebellum, many ganglionic cells strongly tinged with pigment. In 
lower sections, where the trunk of the auditory nerve is no longer visible, 
this nucleus is still present with radiations, towards the cerebellum, and 
at the same time large fasciculi pass hence towards the raphe. 

f Foville, Traite complet de VAnatomie et Physiologie du Syst. Cerehr. Spi. 
Plate IV.,.Fig. 3, o, h. Plate IV., Fig. 1, E, E, X. 

** Becherches d'Anatomie Comparh sur le Genre Stenops d'llliger, by J. L. C. 
Schroeder van der Hoik and W. Vrolik, p. 33. In Bijdragen tot de Dierkunde, 
published by Natura Artie Magistra, D. I. Amsterdam, 1848-1854. 
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longitudinal fasciculi, passing as more or less divided fibrse arciformes 
to the raphe, whither they run in a transverse direction, to reunite 
with other similar fibres from the other side, or to pass into them.* 

Many of these fibrae arciformes encircle the trunk or root of the 
facial nerve (Kg. ^,ff) in the most varied manner, and iu some 
places I thought I observed long fibres, assuming the course of the 
nerve, and passing with its fibres in the trunk periphericaUy outwards. 
After repeated examinations however, with stronger magnifying 
powers, I always succeeded in discovering, that although some of these 
fibres are directed for a short space outwards with the fibres of the 
facial nerve, a little further on they again leave this course to pass 
over into other fibrse arciformes j so that, notwithstanding the manner 
in which they encircle the nerve, I was quite unable to satisfy myseK 
of the existence of any direct connexion between them.t 

The case is, however, quite different with the nuclei. From the 
same central nucleus, namely, that of the auditory nerve. Kg. 4 h, 
many slight fibres pass to the nucleus of the facial nerve, { leaving 
no doubt of a connexion between these two nuclei. 

This connexion I consider to be extremely important. It iudi- 
cates a reflex action or influence of the auditory nerve on some parts 
of the facial. Of the existence of such an influence there is, in 
fact, no doubt. § The stapedius muscle receives a branch from 
the facial nerve, and it is certainly to be inferred, that strong impres- 
sions on the auditory nerve, such as more or less acute or duU 
sounds, must exercise a reflex influence on the movements of the 
bones of the ear, and therefore also especially on the stapedius. 

The central connexion, whereby the auditory nerve most probably 
exercises a reflex action on the otic ganghon, and so by means of the 
tensor tympani on the tension of the membrana tympani, is more 
difficult of demonstration. This difficulty arises from the numerous 

* Fig. 4, h, d. 

t In the calf, these fibres are so distinct and large, that it is not diiHcnlt 
in many places to trace them uninterruptedly into and through the raphe. 
This proves the existence of an immediate connexion between the two au- 
ditory nuclei ; and thus, perhaps, the sympathy of the two nerves, and the 
occurrence of deafness in both ears, for example, in consequence of apo- 
plexy, which I have myself observed, may be explained. Perhaps it is 
also in consequence of this connexion, that with two ears we hear but a 
single sound. 

I Fig. 4, m, f. 

§ Todd and Bowman, Physiol. Anat., vol. II., p. 87. 
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connexions of this ganglion with several nerves. The otic ganglion 
is, in fact, connected with the pterygoid, glosso-pharyngeal and facial 
nerves, and the question therefore is — ^by what way does the reflex 
impression probably pass from the auditory nerve to this ganglion ? 
With respect to the pterygoid nerve, the intimate connexion between 
it and the otic ganglion appears to be not absolutely constant, and 
is denied by several investigators ;* by later writers, however, the mu- 
tual connexion of these parts has been admitted. But as the ptery- 
goid nerve arises as a lateral branch of the portio minor trigemiui, 
from a central nucleus, situated considerably higher than the nucleus 
of the auditory nerve, t it would be nearly impossible, with any cer- 
tainty, to trace anatomically the connexion between the two nerves ; 
and for the same reason it is improbable that the reflex action should 
follow this route. On the other hand, the glosso-pharyngeal nerve 
arises much lower than the auditory, as is particularly well seen in 
the long medulla oblongata of the ass ;{ so that neither is it very 
probable that a central connexion exists between these two nerves. 
There thus remains the connexion of the otic ganglion, by means of 
the nervus petrosus superficialis minor, with the knee-shaped curve 
of the facial nerve. § Perhaps this connexion may also be accom- 
plished through the chorda tympani, which is often, as I have 
myself observed, closely connected with the otic ganglion. Hence it 
appears, that this reflex action of the auditory nerve upon the otic 
ganglion and on the tensor tympani is most probably achieved 
through the facial nerve along the central coimexion I have described, 
which thus becomes still more important. 

It is, however, probable, that we ought to admit a still more ex- 
tensive reflex influence of the auditory nerve upon the facial, namely, 
on the motions of the ear. Although in animals, especially in the 
horse, these movements of the ears are voluntary, yet we see the 
organ so instantaneously directed to the side whence the sound is 
heard, that the action would seem to be not always entirely volun- 
tary, but rather reflex. Everything in the body is so perfectly 

• Miiller and Meckel, Arch. 1832, p. 72. 

t Stilling, Pom Varolii, Plate XXII., Fig. 3. 

X See my Fig. 10, letters 8, 9. The distances between these several 
nerves have here been accurately measured and represented. 

§ Valentin, Him und Nervenlehre von Soemmering, p. 406, Litt. X. 
Longet, ^rea*. et Phys. du Syst. nerveux, t. II., p. 143. The latter writer 
decidedly regards this filament as the motor root of the otic ganglion. 
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adapted and brought into harmony, that we must, in fact, assign no 
small space to iuToluntary reflex actions. Thus, in terror we make a 
very rapid inspiration, raise the humerus from the body by the action 
of the deltoid, so as to be able, through the abdominal muscles, to 
act with great power on the chest, which is drawn up, and to fix it, 
and thus to use the pectoral muscles with greater force in our 
defence. This also is an involuntary reflex action, produced whoUy 
by the reflex influence of different nerves on various groups of gangHa, 
bringing the body involuntarily into an attitude of seK-defence. 
Just so it appears to me that the motion of the ears in animals is 
very often attributable to reflex action. In man, as is weU-known, 
there is scarcely any movement of the ears j but the reflex action of 
terror on the facial nerve, whereby even the frontal and occipital 
muscles can be rendered extremely tense, and the hairs, as we say> 
stand on end, has long since been, as well as the retention of the 
voice from rapid inspiration, graphically described by Yirgil in the 
well-known liae — Stetenmique coma, vox faucibus heesH. Besides, it 
is generally admitted that an unexpected sound terrifies us more 
violently than an unexpected sight. In violent terror, however, the 
reflex action is not confined to the facial nerve, but the whole nervous 
system is greatly affected; in the first place, disturbances of the re- 
spiratory organs come on, aphonia, and sometimes convulsions, which, 
as they act bilaterally, as we shaU hereafter see, originate in the me- 
dulla oblongata. 

Under this more extensive influence and reflex action of the au- 
ditory nerve, I would now bring the posterior roots, which run over 
the fourth ventricle, and of which I have abeady briefly spoken. 
That these roots from the fourth ventricle are connected, for 
the niost part and often exclusively, with the auditory nerve, and 
appear to pass immediately into it, is beyond all doubt ; yet I do not 
believe that they are strictly to be included among its proper fila- 
ments. Sometimes they are even wanting, although hearing exists ; 
as the learned Dr. Martini, director of the Institution for the Insane 
at Leubus, in Silesia, informed me he had unmistakably observed. 
Longet,* and J. P. Meckel,t and Proschaska,t quoted by him, 
testify the same. 

Sometimes these medullary striae are not all connected with the 

* Anatom. et PhyHol. du Syst. Nerv., t. IL, p. 83. 
\ Mim. de I' Acad, da Sciences de Berlin, 1765, p. 99. 
t De Structura nervorum Vindobonee, 1779, p. 119. 
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auditory nerve itself,* as I also have seen ; moreovef, they are liable 
to very many varieties in course, division, and thickness ; in one deaf 
aaid dumb subject, I scarcely found them ; in another, they were very 
fully developed. In the dog, cat, rabbit, the paradoxurus, and the 
cavia cobaya, I found them very well developed, although in the ass 
and calf they were scarcely to be seen. They run along the floor of 
the fourth ventricle obliquely upwards to the middle line, where they 
disappear. Now, as we have seen that the origin of the nerves of 
motion is situated very near the middle line or raphe, but the nuclei 
of the nerves of sensation, as the vagus, trigeminus, and the auditory 
nerve itself, are situated more at the side, we cannot well suppose 
that the seat of hearing should be found exactly in the raphe, in 
which all the decussating filaments unite. 

But the groups of ganglia are important, which, according to 
Stilling, are situated in these medullary striae near their passage into 
the trunk of the auditory nerve.f Burdach, too, speaks of a ganglion, 
lying on the corpus geniculatum, and into which these striae are said 
to pass.f I also have met with this ganghon on the outside of the au- 
ditory nerve, and suspect that many filaments of the latter, which 
serve to produce reflex action, pass into it. Stilling thinks that these 
posterior roots cross in the raphe and pass to the other side, but he 
himself considers this observation to be uncertain. § Neither have I 
succeeded in tracing the course of these fibres further than the raphe. 
If, however, we bear in mind, as I have already remarked, the 
strong impression whidi an unexpected sound makes on the medulla 
spinalis, and through it on the whole muscular system, it appears to 
me that these fibres in the fourth ventricle, in consequence of their 
connexion with the auditory nerve, must be most useful as nerves 
of reflexion. When the mind, confused with terror, would not be in 
a condition to place the body rapidly in the best position for seK- 
defence, this is accomplished precisely through these medullary striae,- 
which convey the impression either into the raphe, where all the 
nervous filaments meet, and where the proper nodus vitaUs is situated, 
or they decussate there to bend on the opposite side into longi- 
tudinal fibres, which set the gangUonic groups in action, whence the 
movements of the abdomen, chest, and arms spring, which, as has 
been already explained, we involuntarily exert in terror. 

* See also Burdach, vom Baue des Gehirns, 2 Band, p. 311. 

f Stilling, Pom Farolii, pp. 28 et seg., Plate I., m, z, Plate II., x. 

X Burdach, I. c. p. 84, 147, c. § I. c. p. 28. 
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That with our two ears we hear but one sound cannot, in my 
opinion, be due altogether to these medullary striae but is rather the 
result of the connexion of the proper auditory ganglia through the 
striae arciformes, which I have above described and deUneated,* and 
of the simultaneous perception of sound. As I have already remarked,t 
it is these posterior so-called roots of the auditory nerve, exhibiting 
themselves in transverse sections as dark, oblong, obliquely-divided 
medullary fasciculi, which StiEing has incorrectly described as the 
constant and inconstant root of the trigeminus. J According to my 
observations, they are not at all connected with the trigeminus j§ in 
the horse and in the ass I have in vain sought these fasciculi in the 
tract of the facial nerve, and in such animals these reflex roots of 
the auditory nerve do not ramify so much as in man. They are even 
difiicult to recognise, being formed by a thicker, tolerably broad 
root, which passes obliquely upwards. 



THE ABDUCENT NERVE. 

From the course and connexion of the nerves we have hitherto 
considered it appears, that all the nerves of the medulla oblongata 
decussate indirectly through the fibres which arise from their nuclei, 
and, penetrating through the raphe, are lost on the opposite side, 
or rather, bend into the longitudinal fibres. On this account, the 
course of the abducent nerve, which appears to constitute an excep- 
tion in this respect, is the more remarkable, although I am not yet 
able to demonstrate its exact origin. 

Its course is in general very well shewn by Stilling. || This nerve 
perforates the medulla oblongata exactly in the same direction as the 

• Plate 4, h, d. f Page 117, Note §. 

X Stilling, I. c. Plate 3, 4, a' a' a". See my Fig. 3, d. 

§ If we compare the situation and height of these posterior reflex roots 
of the auditory nerve in Stilling's excellent representations, Pons Varolii, 
Plate XIX., Fig. 13-15, it will strike us that they are situated exactly on a 
level with the facial nerve, and far beneath the root of the portio minor 
trigemini, which is much higher than the facial nerve, and, consequently, 
cannot be encircled by the latter, while the portio major trigemini, accord- 
ing to Stilling's own drawings, is not situated so near the floor of the 
fourth ventricle, but previously bends downwards. See especially I. c. 
Figs. 15 and 16. 

II Stilling, I. c. pp. 36 and 115, Plates III., IV., V., u, u'. 
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inferiorly situated hypoglossal nerve, and is, as well as tlie facial 
nerve in man, pressed obliquely downwards by the broad pons 
Varolii.* In animals, where the pons is narrower, the nerve runs 
transversely through the meduUa, just as the roots of the hypoglossus 
do, and by a section can very easily be exposed ia its whole course.t 
It is, however, very remarkable, that wlule aU other nerves of the 
medulla oblongata bend inwards or towards the raphe, this nerve 
alone takes an opposite direction, and when it has approached the 
fourth ventricle, curves outwards, f 

According to Stilling, the abducent nerve arises from the same 
nucleus, whence the facial nerve on the opposite side takes its origin. § 
In fact, at the first glance it appears as if the former arose on the 
inside of the facial nucleus ; but I have ascertained on more accurate 
examination with higher magnifying powers, that this is not the 
case ; the truth is, the radical filaments of this nerve perforate the 
nucleus, to disappear on the other or posterior surface, on the floor of 
the fourth ventricle. || 

In higher sections also I succeed*ed, especially in the calf, horse 
and ass, in seeing that the fibres of the abducent nerve here pene- 
trate those of the facial, to terminate on the floor of the fourth 
ventricle.lf I cannot, therefore, admit that the abducent nerve 
takes its origin from the same nucleus whence the facial arises. 
Were this the case, it would, indeed, be very remarkable, that ^two 
nerves, arising from a common nucleus, should be so very distinct 

• Stilling, I. c. Plate XVIII., Fig. 1. 

t My Fig. 4, d,/. 

: Fig, 4 e,f. Stilling, Plates III., IV., V. 

§ Stilling, I. c. pp. 36 etseq., and 153. 

II Fig. 4, e, f. I iere found in several sections a thin layer of longitu- 
dinal fibres cut across, into which, in the ass, I distinctly saw filaments of 
the abducent nerve passing, after they had been pushed away by the 
facial nerve. 

t Fig. 3, d. In the rabbit, the silver-grey facial nerve, which is in this 
animal very thick, is very plainly distmguishable from the rest of the 
tissue, and it appeared in one preparation distinctly to end in its nucleus. 
Some fibres of the abducent here very evidently cross the facial nerve, to 
pass to a rather considerable group of ganglionic cells, situated on the 
outside of the facial nerve. This appears to me to be, at least in part, the 
true origin of the abducent nerve ; the more so, as I have met with some- 
thing of the kind in the horse. The fibres of the abducent nerve, especially 
on its upper surface, become very much divided into numerous fasciculi, 
previously to its passage through the facial. 
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and without harmony in their action; while the connexion with the 
oculo-motor nerve, which is situated higher up, must be considered 
to be very intimate, as one branch of the oculo-motor, the internal, 
always works together with the abducent of the opposite eye, and the 
motions of the muscles of the face, through the facial nerve, are 
without any influence on the condition of the eyes. It even appears, 
that Stilling himself has seen something of the kind, although he 
makes no mention of it, as in a longitudinal section he distinctly 
represents these fibres of the abducent nerve perforating the nu- 
cleus.* But with a sufficient magnifying power it is evident, that 
these nervous filaments of the abducent by no means end in the nu- 
cleus of the facial nerve ; they all appear to be cut through in dif- 
ferent situations ; seeming to bend, and, in my opinion, upwards, as 
they apparently pass over iato longitudinal fasciculi -situated here, 
or rather, after an upward curve, into a nucleus of ganghonic groups, 
placed externally and superiorly to the facial nerve, whence no 
fibres appear to pass towards the raphe; this nucleus, therefore, does 
not participate in the decussatibn. The foregoing seems to be, in 
some meastu-e, confirmed by the observations of Szokalski, who wit- 
nessed paralysis of the abducent in a man in consequence of a blow 
on the occiput; in this instance the roots of the abducent were found 
very much thickened and developed, and could be traced through 
the pons dividiog into several fasciculi. Szokalski, thought he saw 
a decussation of one fasciculus, which I very much doubt; but the 
others curved upwards.f He thinks, in consequence of his investi- 
gations, that the abducent nerve is connected with the cerebrum, the 
tubercula quadrigemina, and the cerebellum, whence he endeavours 
to explain the antagonistic action with the musculus rectus intemus. J 

But as these investigations are not microscopic, and the nervous 
filaments appear to have been traced only with the knife, they are not 
conclusive, as it is impossible to follow the minute fasciculi of such a 
nerve in the peculiarities of its origin with the naked eye, unless 
they are rendered more or less distinct through morbid degeneration, 
and have thus become capable of being traced. 

If, however, we consider the intimate relation between the abdu- 
cent and the oculo-motor nerves, it wiU be at once apparent, that 

• I. c. Plate XIII., and Diagram XXII., Fig. 1, m, h. In the diagram, 
these perforating fibres are not given. 

t Szokalski, Veber die CerehralstSrungen der Oesicht^nctionen, in Prager 
lierteliahrachrifi, 1854, 1 B., p. 88. » X l.c. pp. 89 et seq. 
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there must be a close connexion between them. The fact that we 
cannot move the rectus extemus muscle without at the same time 
bringing into action the iatemus of the other side^ is strongly con- 
firmatory of the view that the abducent bends upwards^ and so enters 
into a close connexion with the higher-situated nucleus of the oculo- 
motor nerve.* 

It appears to me to be very important in reference to this point, 
that the abducent, in opposition to the other nerves of the spinal 
cord, a little in front of the floor of the fourth ventricle, turns out- 
wards, and therefore from the raphe; whence it would appear, that 
this nerve does not decussate, especially as the nucleus, in which we 
consider the abducent to terminate, is thus placed farther from the 
raphe, and appears to give no fibres to the latter. Should this last point 
be confirmed by subsequent investigations, and should it, therefore, 
appear that the right abducent nerve passing upwards is connected 
with the fibres from the brain, which stimulate the left nucleus of 
the oculo-motor nerve after decussation, and whence the abducent 
nerve of the left eye arises — we should immediately be able to ex- 
plain, in a simple manner, the antagonism between these muscles of 
the eye ; since, in that case, the same stimulus should simultaneously 
bring into action the left internal and the right abducent mus- 
cles, and vice ver^a.f This is, however, merely a conjecture. 

• In this respect, perhaps, the longitudinal tract, which is very beau- 
tifully represented by Stilling, and which appears partly to connect the 
origin of the abducent with the nucleus of the oculo-motor, although this 
office is not attributed to it by that writer, deserves a closer examination. 
See Plate XIII. in the diagram, Plate XXII., h, e, e', H. That this fasci- 
culus, however, is partly lost in the nucleus of the oculo-motor nerve, is 
distinctly stated by Stilling, I. v. pp. 107 and 174. 

t As the nucleus of the oculo-motor nerve, which is very well represented 
by Stilling, is situated so near the mesian line that their parts are nearly 
confluent (see Stilling, I. c. Plate XI.), while it is surrounded by longitudinal 
fasciculi, which appear to be connected with it and to penetrate the nuclei, — 
we can very easily imagine such a connexion between these nerves. I 
have also found this nucleus in several sections, as it is represented by 
Stilling ; yet I do not wish to go beyond the medulla oblongata, which in 
itself presents so rich a field for observation, and I therefore leave this im-- 
portant point to the investigations of others. 
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THE FIFTH NEEVE (tKIGEMINTJs). 

Of all the nervesj this is, perhaps, on account of its numerous 
voluntary and iavoluntary functions, and of its extensive distribution 
(being most closely connected with all the senses), the nerve, the 
origin of which is most important, and at the same time most diffi- 
cult to explain. 

There has been much controversy as to its various origins j I do 
not intend, however, to enter into an historical account of the several 
opinions in reference to this point.* Let it suffice to remember, 
that this nerve is double, consisting of a thicker sensitive part, and 
a portion which, as a motor nerve, forms a slighter trunk, and sup- 
plies the masticatiag muscles. Longet very accurately delineates 
the root of the sensory nerve, which penetrates the pons Varohi 
on the outside of the corpus oHvare and the inside of the corpus 
restiforme ia the medulla oblongata, and then passes to the inferior 
edge of the corpus ohvare.t The origin of the lesser root, however, 
he did not profess to give with certainty. According to Foville, this 
nerve is also connected with the cerebeUum.J Stilling is vmcom- 
monly diffuse in his description of the central origin of the 
trigeminal nerve.§ Of -the portio major alone he describes not less 
than six different points of origin, |1 advancing the singular idea, that 
the previously white posterior columns of the spinal cord pass un- 
interruptedly into the portio major of this nerve.^f In other respects. 
St illin g gives a very clear delineation of the origin and course of the 
nerve.** 

Of these drawings I can in general speak very favourably ; the 

• See the earlier opinions in Burdach, Ueher das Gehirn, 2 Theil, 
CLXXIII., Note. 

t Longet, Anal, et Phys. du Syst. Nerveux, t. JI., pp. 95 et seq., Plate 
I., Fig. 9, C. D. 

t Foville, TraM compl., etc., Plate V., Fig. 4, H, H'. He delineates the 
origin of the great as well as of the lesser root ; Plate II., Fig. 3, R, R, the 
great, and H' the lesser root. The latter, however, appears to me, to he 
inaccurate. 

§ Pons Varolii, pp. 120-134. |1 I. c. p. 155. 

1 I. c. p. 45, No. C. Stilling thinks he has found in this passage of the 
posterior columns of the spinal cord into the root of the trigeminus, the 
foundation of a new physiology of the nerves, which I, however, suspect 
he has since abandoned. See, further, his work, pp. 51, 130, 145. 

•• Plate XIX., Fig. 13-16, Plate XVII,, in a longitudinal section ; Plates 
XV. and XVL, section made in au oblique direction. 
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portio minor leaves the portio major in front of the fourth ventricle, 
passing inwards towards the raphe, whither we have seen that all the 
mqtor nerves were directed, and where there is also a central nucleus ; 
this appears to me to be in many places confounded by Stilling with 
the posterior reflex root of the auditory nerve above described. 
Hence, too, fibres pass into the raphe, so that these also, as StiUiag 
correctly observes, decussate.* These are, as I have shown of the 
other motor nerves, not fibres of thetrigemiaus itself, but fibres pass- 
ing from its nucleus through the raphe to the other side, there to bend 
into the longitudinal fasciculi, as conductors of the orders of our wiH. 

The portio major, however, deviates in its course from that of all 
other nerves. Thus the other nerves, as we have seen, pass trans- 
versely or in a somewhat oblique direction upwards through the 
medulla; the portio major inclines downwards.t 

I have particularly studied the course of the portio major in a 
series of consecutive transverse sections in man and several animals, 
beginning at its exit from the pons Varolii. Prom these investiga- 
tions it appeared to me, that this part in its course downwards to 
near the inferior boundary of the corpus oUvare where it terminates, 
undergoes many changes, which, although important, would lead 
me too far, and would require a considerable number of drawings, 
were I to enter into all particulars relating to them. 

Let it therefore be sufficient to state the principal changes which 
this great root of the trigeminus undergoes in its passage through 
the medulla oblongata, and to mention its various connexions with 
the adjoining nerves. 

In the upper parts, immediately below where it emerges from the 
pons Varolii, it exhibits on a transverse section fibres running 
inwards or backwards, which again pass in part outwards towards 
the cerebellum. A Httle lower down these fibres begin, in conse- 
quence of the interposition of groups of nuclei and ganglionic cells, 
to assume a less regular course, and to spread out laterally; this is 
particularly the case a little above the origin of the auditory nerve ; 
its trunk is everywhere surrounded by marginal fibres, definitely 
separating it on the outer surface from the neighbomring paxts.J 
These ganglionic groups increase in number, and, iat the same time, 
strong and thick fasciculi of longitudinal fibres form, especially on the 
outer and anterior edge, exhibiting themselves as dark spots. Soon, we 

* Stilling, Plate XV., 1. 1. a' a, p. 123. 

t Stilling, Plate XIX., Fig. 13-16. Plate XVII., Foville, I. c. Plate II., 
i'ig. 3; Longet, I. c. Plate 1, Fig.9 . J Fig. 4, I, r. 
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discoveij to the inside of the trunk of the trigemimis, the first 
bundles of white, silver-grey fibres of the facial nerve. This is most 
evident in animals, and I have accordingly ia this description followed 
the course of the trigeminus, chiefly in the ass and calf. 

The auditory nerve now places itself on the outside, and enters 
into connexions with the trunk of the trigeminus, while the gan- 
gKonic groups in this last nerve become more distinctly separate,* 
and towards the fourth ventricle forms radiations, giving off very many 
filaments to the nucleus of the auditory nerve.f In like manner it 
also sends, as I could see very beautifully, particularly in some prepara- 
tions from the ass, filaments to the nucleus of the facial, which run 
along this nerve. Especially in the ass, the root of the facialis 
clearly seen to run nearly through the middle of the trigeminus. No 
connecting fibres are, however, visible between the two nerves j the 
facial appears simply to perforate the trigeminus. Nearer the fourth 
ventricle fibres from the trunk of the trigeminus again perforate the 
trunk of the facial nerve to pass to the raphe, while other fibres from 
the trigeminus pass iato the facial nucleus. 

In the lower divisions we constantly see numerous thick fibres 
passing in a very beautifully curved course, through the trunk of the 
nucleus of the trigemiaus. 

The nerve likewise gives off a number of fibres to the nucleus of 
the glosso-pharyngeal, which in the ass and some other animals also 
runs through the middle of the trigeminus, just as the facial nerve 
does. Its connexion with the nucleus of the vagus is stiU more 
intimate, several thick fasciculi of fibres passing from the latter 
through the middle of the trunk of the trigeminus, and being partly lost 
there, while, in part, they pass through it and cross into the exterior 
marginal fibres. Here the ganglionic mass of the trigeminus, which 
is constaiitly renewed by the appearance of fresh groups of nuclei, 
passes more and more backwards and inwards towards the nucleus of 
the vagus, seeming ready to unite with it.f Similar connexions also take 
place, although in a less marked degree, between the trigeminus and 
the nucleus of the accessory nerve. With respect to the nucleus of 
the hypoglossus, its connexion with the inferior part of the trigemi- 

* Fig. 4, g, I. In the ass, I found these ganglionic cells tinged with 
pigment. Long after the auditory nerve has disappeared in the successive 
sections, we see these ganglia behind the root of the trigeminus also con- 
nected with the corpus restiforme. 

t Fig. 4, in the course from I to m, 

% Fig. 1, «, D,/.- Fig. 12, D, /, e. 



EXPLANATIOliT OF PLATE V. 

Fig. 11. Transverse Section of the Medulla Oblongata on a level 
with the Facial JSTerve and Corpora OUvaria Superiora, in the Cat. 

A, B, C, D. Half of the medulla oblongata. 

a, b, c. Raphe. At a the fibres of the corpus trapezoides traverse the raphe, and 
cover the antero-posterior fibres. 

d, e. Nucleus for the facial nerve. 

e, d. c. Fibres from this nucleus, which pass across to the other side. 

f, Blood-vessel in the course of the facial nerve, whose fibres are here scarcely 

visible. 

ff. Koot of the nervus trigeminiis, whence numerous flbrse arcrformes repair to the 
raphe, 6. 

h. Two fasciculi of the abducent nerve, the central termination of which, in front of 
the facial nucleus d^ is not visible. 

i, k. Superior corpora oUvaria, with numerous marginal fibres, which, partly from 
A, pass into the raphe to unite the two corpora olivaria. Other central fibres pass 
from these corpora olivaria to the nucleus of the facial nerve. They are much 
more developed and larger than the same corpora oHvaria superiora in the calf. 
Fig. 4, p, q. At A we see the corpora pyramidalia, which are here much larger 
than in the calf, Fig. 4, n. 

Fig. 12. Transverse Section of the Medulla Oblongata in a Cat, at 
the level of the Corpora Olivaria Inferiora. 

A, B, C, D. Medulla oblongata, externally and anteriorly surrounded with marginal 

fibres. 
dj bf c. Baphe. 

d. Nucleus of the hypoglossus, into which this nerve passes by different roots, h, g'. 

e. Nucleus of the vagus, and dark longitudinal bundle of fibres from the lateral 

columns of the medulla. 
i, I. Corpus restiforme and root of the trigeminus. From i many fibrse arciformes 

arise, which pass partly through the corpora olivaria, and proceed through the 

raphe. 
k, C, Corpora olivaria inferiora ; in animals, for the most part, separated into three 

more or less coherent parts, which are situated behind the corpora pyramidalia, 

k. Many strise pass hence to the nucleus of the hypoglossus, d. 

They are perforated by other fibrous fasciculi, which pass to the raphe. 
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nus appeared to me to be more doubtful, although here and there 
fibres from the trigeminus also seem to pass, chiefly on the front, 
through the trunk of the vagus to the nucleus of the hypoglossus. 
The trigeminus, however, is particularly connected with a bundle of 
longitudinal fibres, exhibiting itself on the first appearance of the 
nucleus of the vagus and its trunk j on which subject I shall here- 
after speak more fully. 

Besides these connexions with the nuclei of all the nerves of the 
medulla oblongata, the trunk of the trigeminus is likewise closely 
connected with the accessory ganglia and the corpora oHvaria, as I 
shall subsequently show. In its course under the auditory nerve, the 
corpus restiforme Hes to the outside of the trunk of the trigeminus, 
and from this many very beautifully curved fasciculi commence to 
perforate the latter towards the front, to pass as fibrse arciformes in a 
curve forwards and inwards to the raphe, iu which course they 
radiate with a great number of fibrous bundles through the corpora 
olivaria, especially in the posterior parts.* These fibrse arciformes 
arise in great part from the corpus restiforme, but here and there 
partly from the trunk of the trigeminus itself. 

At the iuferior part of this root of the trigeminus, it coalesces 
more with the corpus restiforme, while its own fasciculi becoming 
more and more divided, appear to dissolve into little gangHonic 
groups, and to be lost ia the lateral radiations. It begius, united to 
the corpus restiforme, to turn more backwards, and the separate 
groups of grey matter, enveloped in and perforated by numerous 
transverse fibres, finally give way to the posterior grey horns or gela- 
tinous matter, on which accpimt. Stilling thinks, that tl^ey pass 
uninterruptedly into the trigeminus, though this appears to me to be 
very improbable. 

After this brief sketch, which comprises only the general points, 
attention to the course of the nerve will show, that in this great 
root of the trigeminus new ganglionic groups arise, wherever fresh 
radiations are formed, or new connexions with the successive 
nervous nuclei of the medulla oblongata are established, a state of 
things which would appear to indicate separate actions and distinct 
reflex functions.f 

• Fig. \,m,nn,l, i, h Fig. W. g,h. Fig. 12, i, I, h. 

t I have not been able to discover any connexions between the trige- 
minus and the abducent nerve ; but neither am I aware of any reflex 
phenomena of the trigeminus on the abducent. 
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If we now examine the influence of the trigeminus on the other 
nerves, we shall discover in its functions a full explanation of the 
connexions I have described. The trigeminus is, in fact, the reflex 
nerve par excellence ; for stimuli, applied to its different branches, 
everywhere give rise to reflex phenomena in the neighbouring nerves. 
That the trigeminus forms connexions with the nucleus of the facial 
nerve may be inferred, a prion, as every irritation of the face, for 
example, in pain> immediately produces a reflex action in the muscles 
of the face, betraying an intimate connexion between the facial nerve 
and the trigemiaus. "What use there is in the connexion between 
this last nerve and the auditory, I cannot clearly see; we know too 
little of the action of the bones of the ear and of hearing itself to 
explain it. It is scarcely necessary to dwell upon the use of the con- 
nexions of the trigeiainus, considered as a reflex nerve, with the 
glosso-pharyngeal, vagus, accessory, and hypoglossal nerves in 
swallowing, inspiration, coughing, and sneezing. I shall hereafter 
return to this point. 

These connexions, are, however, sufficient to explain the peculiaf 
course of this root of the trigenunus, which alone of all the nerves 
extends from above downwards through the medulla oblongata. Its 
downward direction, in fact, enables it to form reflex connexions 
successively with all the nerves of the medulla oblongata, according 
as it approaches the level of their nuclei.* 

Finally, I think it a very important fact, that, as a general rule, in 
every place where fibres are given off, performing any special function, 
such as reflex action, fresh groups of ganglionic cells invariably ap- 
pear, giving origin to these fibres. We have, for example, seen this 
above ; where the posterior roots of the auditory nerve, which seem to ' 
have a reflex action, pass from the outside into the fourth ventricle, 
there is a ganglionic group. This is again always the case, where 
the trigeminus enters into new combinations ; indeed, even the corpus 
restiforme exhibits a great number of ganghonic cells, where the 
principal fibrse arciformes arise from these bodies, to pass in a curve 
through the trigeminus to the raphe. These cells I have in the ass 
found very beautifully tinged with pigment.f If we follow up this 

* ,As I have above remarked, the abducent, which lies more remote from 
the trigeminus, and probably arises higher up, appears to make an excep- 
tion to this rule. 

f Feihaps this ass was an old animal, as the pigment in the ganglionic 
cells increases with age. 
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idea, I believe that it is capable of very great extension, and that it 
will afford an explanation of many phenomena. Indeed, if we 
assume it as a general rule, that in the nervous system where- 
ever a particular action is to be excited through nervous filaments, 
special ganglionic cells are required, producing the pecuKar nervous 
action, we shall find but few exceptions to the rule. 

Thus it is, for example, known, that the staff-like bodies in the 
retina are sensitive to hght, but not the nerve-fibres themselves. 
The peculiar action in these staff-like bodies appears, when excited, 
to be communicated to the nervous filaments of the retina through 
ganglionic cells placed in the junction between the two.* The nervous 
filaments of the optic nerve at their central termination, again pass 
into nuclei, whence further filaments take on themselves the distri- 
bution of the sensation to the brain. 

The same appears to be true of the cells discovered by Corti in the 
cochlea of the ear, which are affected by the vibrations of sound, and, 
according to Kolhker's discovery, communicate their action to 
ganghonic cells,t with which the auditory nerve, in its xdtimate fila- 
ments, is provided. This appears to be quite confirmed by the 
discoveries of Ecker in reference to the olfactory nerve, which ter- 
minates in ganghonic cells, wherewith the epithehal cells of the mucous 
membrane of the upper nares are apparently connected through 
slender filaments. { Both nerves also have central ganglia, whence 
the cerebral fibres arise, which convey to the brain the impressions 
they have received. 

In like manner, the orders of our will do not pass directly into the 
motor nerves, but into ganghonic cells, whence the peripheric action 
arises for the movement of the muscles. 

Greater difficulty appears, at first sight, to be connected with this 
subject in reference to the nerves of sensation. This is, however, not 
really the case. Indeed, according to the recent investigations of 
Wagner and Meisner, the cutaneous nerves appear to end in the 
tactile papiUse and in vesicles filled with granular matter, § again 

* See particularly J. C. MtiUer, Anat. physiol. Vntersuchungen ueber die 
Retina, Leipzig, 1856. 

f KoUiker, Ueber die leixte Einiigungen des Nervus cochlea vnd die 
Functionen der Schnecke. Gluckwunsche an Tiedemann. Wurzburg, 1854. 

X Ecker, Ueber das Epithelium der Riechsehleimhaut, and Berichte ueber die 
Verhandl. d. GeseUschaft xu Freyburg, Nov. 1855. Plate IV. 

§ Wagner, Nerv. Unters. p. 133. Funk, Physiol. 2' Lief. p. 584. 
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strongly resembling ganglionic cells, thiough wliicli the sensation, 
not only of warmth and cold, bnt also of the tactile properties of 
bodies, is excited. It appears also from the experiments of Weber 
and others, that the trunks or branches of the sensitive nerves, for ex- 
ample when the skin is removed, give no sensation of warmth or 
cold, nor the peculiar tactile perceptions, but only a feeling of pain. 
As we may, therefore, assume the existence of ganglionic cells in the 
tactile papillae of the skin, which appears to me very probable indeed, 
we may regard these as peculiar galvanic batteries, exciting a special 
action in the sensitive nerve. Ihirther, we should not, in referraice 
to this point, overlook the fact, that in the trunks of these sensitive 
nerves ganglia are everywhere placed before their entrance into the 
spinal cord, so that every sensitive filament appears in its course to 
pass through a ganglionic cell. These cells must also exercise a pecu- 
liai action on the nervous filaments, as they all appear to be bipolar, 
and therefore scarcely enter iato^ connexion with other filaments. 

Further, T consider the fact to be of great importance, that 
the ganglionic cells for the several nerves also vary among them- 
selves in form and size. Thus, the cells of the hypoglossus are differ- 
ent from those of the accessory nerve, and the latter from those of 
the auditory, the vagus, the trigeminus, the retina, the nervus coch- 
learis, &c. Again, they are quite different in the corpora oHvaria and 
in the cortical matter of the cerebellum, and these again differ 
from those of the cerebrum.* 

Erom all this we may infer, that the ganglionic cells are pecidiar 
nervous workshops or batteries, which, through an electric excitation 
of the nerves, produce a peculiar current in the nervous filaments 

• Jacubowitsch distinguishes only three sorts of cells: 1, large multi- 
polar cells, named by him motor cells, with from one to eight filaments ; 
2, sensory cells, which are smaller, with generally three, and at most four, 
filaments; and 3, sympathetic cells, which are still smaller. Mittheihmgen 
ueber die feinere Structur des Gehirns und Jtuclcenmarks, Breslau, 1857, pp. 
2 et seq. According to him, the motor cells are almost entirely wanting 
in the medulla oblongata, I. e. p. 41. The nuclei, however, of the hypo- 
glossal, acce^ory, and facial nerves show, that motor cells are really 
present in that part, and, therefore, his distinction is not correct, although 
the cells in these nuclei are somewhat smaller than those in the anterior 
horns of the spinal cord. But the cells in the nuclei of the auditory 
nerve are again much larger, and in form are more like his motor cells, 
although they exercise quite a different function. His physiological dis- 
tinction, to which, however, he does not strictly adhere, I. c. p. 2, appears 
to me to be incorrect. 
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themselves, by which their specific action is perfonned. I shall 
agaia return to this idea. 

It remains to speak of the fibrse arciformes, and of the radiating 
fibres which occur in the medulla oblongata in such considerable 
number ; but as these appear to have more relation to the mutual 
connexion between different parts of this organ and not to belong to 
any particular nerve, we shall be better able to explain them when we 
have first traced the several ganglionic groups, whence nerves do not 
directly arise, but which we regard as auxiliary organs for producing 
a combined action of many nerves of the medulla oblongata. 
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CHAPTEE V. 

ON THE ACCESSOKT GANGLIA IN THE MEDULLA OBLONGATA. 

In my consideration of the mednUa oblongata I have confined myself 
chiefly to the longitudinal fibres which arise in it de novo, posterior to 
the corpora pyramidalia and which proceed to the brain, as well as 
to the origin of the nerves from the organ in question, and to 
the manner in which decussation is produced, not through the 
trunks of the nerves themselves, but through the conducting fila- 
ments arising from the ganglionic nuclei, and passing to the other 
side, to turn into the longitudinal fasciculi. 

I have, however, designedly been silent as to the numerous gan- 
glionic groups occurring in the medulla oblongata. Among these 
the well-known corpora oHvaria occupy the first place ; yet, besides 
them, most nerves have also special ganglionic groups very closely 
connected by means of a great number of fibres with the nuclei 
whence they arise, and thus, probably, exercising a more or less 
extensive influence on their mode of action. These groups of gan- 
glionic cells exhibit themselves for the most part in sections taken 
before the trunk of the nerve to which they belong is visible, and give 
very many connecting filaments to the nucleus whence the nerve 
arises. 

This is particularly the case with the facial and glosso-pharyngeal 
nerves. Some time after the trunk of the nerve to which they are related 
has disappeared in the successive sections, these ganglionic groups are 
also lost, in order subsequently in their turn to make way for others. 
Such a special ganglionic group is seen in my fig. 4, o, already di- 
viding into two parts, situated on the inside of the facial nerve, and 
containing very many large ganglionic cells. The most important, 
however, of all are the corpora oHvaria, with the consideration of 
which we shall, in the first place, occupy ourselves. 

The corpora olivaria are, as has already been remarked, two wholly 
new bodies, occurring, for the first time in the medulla oblongata. 
They consist internally, in great part, of grey matter arranged in dif- 
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ferent curves, and consequently presenting in transverse or longitu- 
dinal sections, the, appearance of a serpentine lamina, seen on its edge, 
resembling a kind of plaited capsule open from behind, called corpus 
ciliare or dentatum. 

As is well known, they are situated on the outside and partly be- 
hind the corpora pyramidalia, between these and the lateral columns 
and corpora restiformia of the medulla oblongata, while anteriorly 
they are covered by transverse fibres, the fibrse arcifonnes of Ar- 
nold.* "When we examine this grey matter in transverse or longi- 
tudinal sections, we see that it consists, in great part, of an infinite 
number of very small ganglionic cells, which are of a more or less 
yeHow-brown colour, with interspersed pigment granules and nuclei. 
On most of these ganghonic cells a filament is distinctly observable ;t 
on several, however, I saw two filaments, constituting them bipolar 
ganglia. :( PinaUy, some occurred to me which were connected§ by 
communicating filaments with adjoining cells, or laterally gave off 
a branch. II But as these ganglionic cells present much the same 
appearance either on a longitudinal or transverse section, that is, 
some passing in a round, but most of them in an oblong form, into 
one or two filaments, I readily assent to KoUiker's opinion, when he as- 
cribes from three to five ramified filaments to each:^ hence they would 
appear to belong to the class of small multi-polar cells.** The nucleus- 
filled lamina, or corpus ciliare, is perforated, as Stilling first pointed 
outjtt by many transverse fibres passing into the raphe, and decus- 
sating at more or less acute angles.JJ 

Kolliker says that he could discover no connexion between these 
fibres and the ganglionic cells of the corpus ciliare ;§§ in which case 
the corpus ciliare would be isolated, and would exercise no influence 
on neighbouring parts. But I distinctly saw, that very many fibres 
which penetrate the corpus ciliare from behind through the hilus, 

• Fig. 1, C. + Fig. 5, o a. t Fig- 5. b. 

§ Fig. 5, b, e. \\ Fig. 5, d d. 

1 Kolliker, Mikrosk. Anat., p. 455. 

** According to Kolliker these ceUa possess a diameter of from O-OOS'" to 
0-012'"- This agrees tolerably well with my measurements ; thus I found 
it 0'007"' to 0-013'". We cannot, however, judge accurately of their true 
size, as those examined were probably more or less shrivelled, both by 
chromic acid and spirit. Much depends, also, on the direction in which 
the section is made. By a solution of carmine, they are very beautifully 
coloured, and rendered much more distinct. 

tt Medulla Oblongata, Plate V., g. U Fig. 1, q q, r. 

§§ Z. I,, p. 456. 
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or opening, all terminate in it ; many others, however, perforate this 
grey matter, to pass out again on the opposite side. 

Thus, if we, make a very fine transverse lamina or section of the 
corpus ciliare, we see that, both from within and from the outside of 
the cavities of the plait, fibres pass into the corpus ciliare. Some 
appear to penetrate exactly into the hoUow curve of these windings, 
and in part to come out again as marginal rays at the convex end ;* 
but a great number of the fibres, which penetrate into the cavity, 
bend laterally to the grey matter,t in which they decussate in various 
modes. Both on the outer and inner sides run marginal fibres, 
which contuiue as a layer more or less parallel to the curves, and 
appear to take up the fibres from the corpus ciliare, and farther on 
to give them ofiF externally. J These are in different situations in 
various states of development, but, as we shall subsequently see, they 
occur everywhere, both in the more highly developed corpora olivaria 
in man, and in the more simple corpora olivaria in animals. These 
marginal fibres appear to be connected with the ganglionic cells in the 
corpus ciliare, and to conduct their influence to other parts, as they 
collect externally in larger or smaller fasciculi. § They are, however, 
often so completely covered by other marginal fibres, as to be only 
indistinctly visible. Sometimes fasciculi pass from the most external 
marginal fibres through the corpus ciliare, and join other bundles 
derived from the hilus.|| A great proportion of the fibres which enter 
the cavity of the corpus oUvare, appear evidently to take their origin 
from these ganglionic ceUs.^ Yery many fibres, however, especially 
the so-called fibrae arciformes, penetrate the corpus ciliare, without 
our being able with certainty to discover whether they are connected 
with the ganglionic cells, a connection, which, nevertheless appears to 
me to be probable, as otherwise we cannot see any use in so many 
fibres penetrating this body.** But in other situations we see few 

* Fig. 6, a, b, c, d. f Fig. 6, a, b, c. 

t Fig. 6, a, d, Lenbossek, Neue XJntersuchungen ueher den feineren Bau 
des centralen Nervensystems, Wien, 1855. Plate II., Fig. 3, c, Fig. 1, g, g. 

§ See this Fig. 4, p, in the corpus olivare of a calf. 

II Fig.6,e,/. t Fig.l, e, gr. 

•• Fig. 1, /, *, Fig. 12, C,k,m a cat. , Lenhossek represents only fibres 
entering the hilus from the inside, but not one penetrating the corpus 
ciliare, which is not correct. See Neue Vhtersuchungen ueher den feineren 
Bau des centralen Nervensystems, Wien, 1855. Plate II., Fig. 1. Stilling 
had previously stated this much more correctly in his work on the Medulla 
Oblongata, Plates V. and VI. I subsequently observed, on inspecting 
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Fig. 6. Portion of the Corpus Ciliare from the Corpus Olivare. 

a, b, c. Fasciculi of fibres, radiating from the conciavities of the curves of the corpus 

ciliare. 
a a',f. Fasciculi from the inside, which, as marginal fibres, at a' constantly receive 

fresh fibres from the ganglionic cells, and at/ further radiate outwards through 

the hilus. 
e, d. Marginal fibres on the outside of the corpus olivare. 
«,/. Bundle of fibres, passing transversely through the corpus ciliare from without 

inwards. 

d. Most external marginal fibres, which everywhere receive fibres from the ganglionic 

cells of the corpus ciliare. 

Fig. 7, A. Kemarkable example of Atrophy of the Corpora Olivaria, 
in a Case of the Loss of the Power of Articulation. 

a. Pons Varolii. 

i. Medulla oblongata, at the level of the decussation. 

e. Left corpus olivare, appearing as a little tubercle. 

d. Uncommonly thick fibrae arciformes, curving backwards under the small corpus 

olivare. 

e. Right corpus olivare, over which longitudinal fibres run. Internally there was 

only a mere trace of corpus ciliare. 
V-XI. Different nerves, arising in this situation. 

B. Example of Obliquity of the MeduUa Oblongata, with Very un- 
equal Corpora Olivaria. 

a, b. Corpora pyramidalia. The right, a, is distinguished from the left, which is 
somewhat broader, by a thick bundle of longitudinal fibres, running over it, and, 
passing outwards under the corpus olivare. 

c c. Boundaries of the right corpus olivare, 15mm. long. 

d d. Small left corpus olivare, Hmm. long. 

e. Strange lateral curve in the anterior groove between the corpora pyramidalia. 
Somewhat above this curve a great section of fibres passes to the other side, com- 
pletely filling the groove of decussation. 

V V. The two vagi. That of the right side is nearly half as broad again as the left, 
7mm. against from 4| to 5. 

A A. Accessory nerves. That of the left side appears somewhat thicker. 

H R. Hypoglossi. 

Fig. 8. Medulla Oblongata of a Dog. 

6 — 12. The nerves of the medulla oblongata. 

a a. Corpora olivaria superiora, on a level with the facial nerve, behind the corpus 
trapezoides. 

6 b. Corpus olivare inferius, exactly at the roots of the hypoglossus, and not extend- 
ing above or below these roots. 

Fig. 9. Medulla Oblongata of a Cat. 

a a. Corpora olivaria superiora, at the level of the facial nerve. 
b b. Corpora olivaria in&iiora, at the level of the hypoglossus. 

Fig. 10. Medulla Oblongata of the Ass. 

6 — 12. The several nerves. 

a a. The two little corpora olivaria, superiora distinct from one another, on the outside 

of the abducent nerve, on a level with the facial nerve. 
b bf Corpus olivare inferius, from the expansion of the roots of the hypoglossus more 

inwards, behind the corpora pyramidalia. 

[To face page 142. 
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or no fibres penetrating the corpus ciliare, although on the one side 
they pass ia great number between the gangHonic cells. These must, 
therefore, take their origiu from the gangHonic cells. But on account 
of the extraordinary miauteness of these fibres and the small size of 
the cells, we can sometimes follow a filament in its connexion with a 
cell to a Httle distance ; but the fibre is soon covered by others, so 
that we lose sight of it. 

StiUing describes on the inside of the corpus oHvaxe a second 
nucleus, which he denominates the great pyramidal nucleus, and he 
thinks that the pyramids arise from it.* 

I have already reminded the reader, that the pyramids are the con- 
tinuations of the anterior columns of the spinal cord, and do not 
originate in the medulla oblongata. These accessory nuclei agree, 
however, so completely in structure and composition with the corpora 
ciharia, that we may look upon them as exactly similar to the latter. 
Even this innermost nucleus is not everywhere isolated ; on the ^ 
contrary, if we make a series of successive transverse sections, we shall 
see that in some it is connected with the proper corpus ciliare, while in 
others it is separated from that body; it is, therefore, merely an offshoot 
of the corpus ciliare. On the outside, too, such a body usually occurs, 
and Lenhossek represents several ;t but he has, in my opinion, con- 
founded some with ordinary ganglionic groups, which are, however, 
distinguished from these corpora olivaria by the greater size of the 
cells. It is very remarkable that, as StiLing first stated, the hypo- 
glossal nerve passes between the corpora olivaria and the so-called 
pyramidal nucleus of Stilling. J In many parts, however, of the 
corpus ciliare, isolated tracts ofHhe root of the hypoglossus perforate 
, the corpus oHvare itself, and penetrate between the gangHonic cells, § 
leading us to suspect the existence of a closer connexion between 
the corpus oHvaxe and the muscular nerve of the tongue. 

This supposition I found confirmed in the fullest manner by my 
further investigations. 

StiUing represents several transverse fibres apparently escaping 

Lenhossek's preparations at Bonn, that this is in a great measure the 
result of his mode of making the preparations, as, by too great transparency, 
many of the more minute fibres are rendered difficult to see. 

• Medulla Oblongata, p. 30, Plates V. and VL, r, also my Fig. 1, k. 

t Lenhossek, /. c. Plate II., Fig. 1, h. See also my drawing. Pig. 1, 
h, i, k. 

I Medulla Oblongata, Plates V. VI., I, r. \ Fig. 1, q. 
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out of the hilus from the corpus olivare, and passing into the par- 
tition or raphe,* giving the two corpora oHvaria the appearance of 
being connected with one another; but he did not observe that 
whole bundles of fibres, derived from the hilus, bend from the corpora 
olivaria close to the hypoglossal nerve, to terminate with the latter 
in the nucleus of this nerve. 

These fibres arise from the grey substance of the corpus ciliare, 
and form a tolerably large bimdle, which does not differ much in 
thickness from the roots of the hypoglossus, and which we can follow 
uninterruptedly into the nucleus of this nerve. The fasciculi in 
question seem not to perforate the corpus ciliare, as they do not 
appear on the other side ; but it can be easily shown that they arise 
from the ganglionic ceUs of the corpus ohvare itself. They pass 
through the lulus, and collect in bundles, which run into the nucleus 
of the hypoglossus.t Prom the same place, and especially from the 
bottom of the corpus olivare, a quantity of fibres simultaneously 
radiate, which make for the middle Une or raphe, perforate the latter, J 
and appear to communicate with the corresponding fibres of the other 
side, connecting the corpora olivaria with one another. It is, how- 
ever, also possible, that some of these minute transverse fibres, which 
proceed from the corpora olivaria towards the raphe, and radiate 
again on the other side, may bend partly,upwards into the miaute 
longitudiual fasciculi, coming from the braiiii and so, as conductors 
of the orders of our wiU, decussate, just as we have above seen of 
the nuclei of the nerves. As, however, a number of longitudinal 
fibres appear to spring from the top of the corpora olivaria, and from 
their sides, and pass to the crura cerebri and corpora quadrigemina, 
the so-called fasciculi olivares and laqueus,§ we may also assume that 
these latter tracts serve to bring the corpora olivaria into connexion 
with the brain, and thus with our wiU, and that the transverse fibres 

• Stilling, Medulla Oblongata, Fig. VI, q. 

t Fig. 1, i, p. Lenhossek, I. c. Plate II., Fig. 1, e. I discovered this re- 
markable connexion in the spring of 1855, with my Swedish friend 
Liedholm. In the autumn of 1856 I received the essay of Lenhossek, 
who had, quite independently, accurately described and represented the 
same connexion, giving it the name of pedunculus olivae, I. c. p. 34. The 
discovery was made known in a short paper in the Swedish Journal, the 
Hygiea (Professor Schroeder van der Kolk's Views on Epilepsy, communi- 
cated by J. F. Liedholm, Hospital Physician.atWexio, 1856). 

X Fig. 1. i, q q. 

§ Amoldi, Icones cerebri, Plate IX., Fig> S> '"> s, t. 
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must be regarded only as comraissures. In the one case, the con- 
ductors of the orders of our mil would be considered as decussating, 
just as occurs in the nerves j in the other case they would not be 
supposed to decussate. Both opinions might even be true in case of 
an impression from the one side acting simultaneously on both corpora 
olivaria. Moreover, it is in many places evident, that these com- 
missures pass from the one- corpus ohvare to the other, and serve to 
unite both, although I have not found the connexions so weU-marked 
as they have been represented by Lenhossek.* This iatimate con- 
nexion, both between the corpora olivaria reciprocally, and with the 
nucleus of the hypoglossus, particularly struck me, and I thought 
that a more accurate investigation of it might, perhaps, lead to some 
explanation of the use and action of the corpus olivare itself. 

Let us keep in view, as starting points, the two foUowiag facts : — 

1. The two corpora olivaria are reciprocally united by a consider- 
able number of fibres, arising feom their ganglionic cells, and per- 
forating the raphe.t 

2. The corpus olivare of each side is closely connected with the 
nucleus, from which the hypoglossal nerve of the same side derives 
its origin, f 

Hence we may infer that there is most probably an intimate phy- 
siological connexion between their actions. In what, then, can this 
connexion consist ? 

I have already, in my Essay on the Spinal Cord, endeavoured to 
prove, that all motor nerves take their origin from certain groups of 
multi-polar ganglionic cells ; that these groups are more numerous 
where a greater number of muscular nerves arise, as in the brachial 
and crural plexuses, and in proportion as more numerous combinations 
of different muscular actions, as, for example, in walking, are to be 
accomplished and brought into harmonious cooperation. § Now, 
we possess no part which is capable of such various motions as 
the tongue, which is certainly the most moveable part of the 
body. 

If we now examine the nucleus of the hypoglossus, I must acknow- 
ledge that I am acquainted with no other part of the entire spinal 
cord or brain where the multi-polar ganglionic cells are so densely 

* /. c. Plate II., Fig. 2, e. 

t Fig. l,p, Lenhossek, I. e. Plate II., Fig. 2, c. 

I Fig. 1, p, Lenhossek, Plate II., Fig. 1, e, 

§ See above, pp. 62 et seq. 



146 THE ACCESSORY GANGLIA. 

accumulated as in it, — a fact confirmatory of the opinion just 
alluded to.* 

But we also see that the corpus olivare is in the closest con- 
nexion with this nucleus, a considerable number of fasciculi of fibres 
passing from the former into the latter. It would, therefore, appear 
that the corpus olivare is, at least in part, an auxiliary gangHon of 
the hypoglossus (for, as we shall find, it is connected with other 
nerves), and as such is joined to the hypoglossus for the production 
of certain special combinations of movements. 

It is, further, very remarkable, that the corpus oUvare occurs in 
but a small number of animals, and, indeed, only in the mammalia. 
Birds possess, as I shall hereafter show, only a remote type of this 
body, and lower animals seem no longer to exhibit any trace of it. 
But if we compare the corpus olivare among the mammalia themselves, 
it win at once strike us that these organs occur nowhere on so ex- 
tensive a scale, and so fully developed, or presenting so strongly- 
plaited a corpus ciliare as in man. Its numerous plaits have 
undoubtedly the advantage of containing a very great number of 
ganglionic cells in a small compass, and of affording a very extensive 
surface in a limited space, whereby the multiplied connexions between 
its cells and the surrounding fibres, or those which arise in the corpus 
ciliare, are rendered possible. This narrow-plaited form, moreover, 
renders easy the entrance and exit of the in-coming and out-going 
fibres. 

Again, ia the higher mammalia, as the apes, the corpora olivaiia 
are most like those in man ; in the lower they are, as I shall here- 
after more fully explain, smaller, and divided into several parts ; in 
man they are, however, so much larger, that they exceed in circum- 
ference by two or three times those of the chimpanzee ; and this 
difference is stiU more remarkable in lower, though much larger 
animals, as in the horse, the cow, and the ass. 

This at once suggests the idea that the corpora olivaria have a 
much more important function to discharge in man than in animals, 
and that in the mammalia in general some more highly-developed or 
complex action has to be performed, in which these bodies cooperate, 
and which does' not occur, at least in the same manner, in the am- 

* This is particularly well-marked in the hypoglossal nucleus of the 
cow, where, on account of the greater size of the tongue, and the conse- 
quently increased amount of muscular fasciculi, the number of ganglionic 
cells in the nucleus is uncommonly great, and is in proportion to the in- 
creased thickness of the nerve itself. 
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pMbia and in fishes, as in these the corpora olivaria are wholly 
absent. 

Immediately after I had discovered the special fasciculi, connect- 
ing the corpora oUvaria with the nuclei of the hypoglossus, I 
suspected that the very delicate combinations of motion in the human 
tongue in articulation and speech might afford an explanation of the 
much greater size of the oKvary bodies, and of their more intimate 
connexion with the nuclei of the hypoglossus. For speech and the 
articulation of words require such a multitude of peculiar motions of 
the tcmgue, and such an infinite number of varying combinations of 
its muscular movements, that it cannot appear strange that two 
auxiliary ganglia should be required for the performance of these 
functions. 

If we attend to the situation of the hypoglossal nuclei, it will 
appear that these are located close to one another, adjoining the 
middle line or raphe.* 

They are here separated from one another by the longitudinal 
fibres which pass from before backwards through the raphe, and on 
the floor of the fourth ventricle cover these nuclei from belmid,t and 
which are formed partly by proper nerve-fibres, as we have above 
seen, and partly by connective tissue from the pia mater. It is only 
in a limited portion that the two nuclei appear to be connected with 
one another by transverse filaments. The greater part of each 
nucleus seems to be isolated in its action, and not to be connected 
with that of the other side ; the result of which is, that each hypo- 
glossal nucleus can act separately, so that we are able to move the 
tongue to one side or the other. In speaking, however, the tongue 
must be moved equally and simultaneously on both sides, as appears 
from the fact, that when one side of the organ is paralyzed, speech 
is impaired. J 

It seems to me that the corpora olivaria serve to accomplish these 
uniform and simultaneous movements of the tongue, intimately con- 
nected as they appear to be by the above-described proper transverse 
fibres, passing through the raphe from one corpus ciliare to the 

• Fig. 1, 0, p, d. t Fig. 1, B, d. 

J Among others, we may find many proofs of this in Lallemand's ex- 
cellent work, Recherches sur VEncephale et ses dipendances, Paris, 1824. 
Thus, a patient often got angry and violent, because she could not 
express herself in words ; she uttered only a confused sound and inarticu- 
late noises ; the tongue, as well as the whole body, was half paralysed. 
Lett. I., Obs. 7, p. 19. It is self-evident that where the paralysis is less com- 
plete, as often occurs, the impediment in speech will be less. l 2 
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otEer, in consequence of which the action of the one corpus olivare - 
always takes place simultaneously with that of the other. According 
to this view, the orders of our will should, in the articulation of 
speech, be conveyed by the corpora olivaria on both sides simul- 
taneously and uniformly to the two hypoglossal nuclei, so that in 
this case the corpora olivaria must be regarded as auxiliary ganglia, 
communicating the multitudinous combinations of muscular move- 
ments required in speech, simultaneously to the two hypoglossal 
nuclei, and thence to the tongue, the result being the uniform move- 
ment of both sides of this organ. The hypoglossal nuclei appear, 
therefore, to be in themselves unilateral, that is, each can act sepa- 
rately for itself, in virtue of which we are able to move the tongue 
to either side. The corpora olivaria on the other hand are bilateral ; 
that is, they are so connected ia their operation by the transverse 
fibres, that the action of both is always excited uniformly and simul- 
taneously, and is communicated to the muscles of the tongue on both 
sides, which, as I have already observed, is necessary for speech and 
the articulation of words.* 

* The idea that the corpora olivaria are closely connected with speech 
is not new. Even Willis says : — " Inhomine infra paris octavi (Hypoglossi) 
originem protuberantia qusedam utrique mediiUse lateri adnascitur. Ex 
ilia flbrse quatuor aut quinque distinctse prodeunt, quarum una aut altera 
arteriam vertebralem pertranseuntem circumligat, omnes autem in eundem 
trunciim, qui prsedicti paris nervus est, coalescunt. Protuberantia isthsec, 
pia matre avulsa, facile conspicitur, et peculiaris spirituum, huic nervo 
destinatorum condus videtur. 

" Cum enim hie nervus linguiE ejmque muscuEs impendatur, adeoque loquelts 
peragendee potissimum conducat, in homiue, cui vocis et major usus et 
frequentior exercitatio, spirituum penu ingente, quorum copiee semper in 
promptu sint, opus esse videtur. Brutis vero, quibus nulla aut rarior vocis 
necessitas, taiis protuberantia Aeest, quippe iUis baud requiritur, ut spiritus 
ante vocis organa, quasi in vestibule quodam catervatim aggregentur, quin 
suificiat eos e communi medullse oblongatse tractu paulatim accieri." Th. 
WiUis, Cerebri Anatomia, cap. 18 in Opera omnia Genevse, 1676, p. 90. It 
would appear that this remarkable part has but little attracted the attention 
of subsequent writers. Professsor Retzius, however, who discovered the inti- 
mate connexion between the corpora olivaria and the facial nerve, and ad- 
mitted the connexion previously stated by Burdach to exist between the 
corpora olivaria and the nervus hypoglossus, infers that, "as comparative, as 
well as experimental and pathological anatomy, has afforded me full proof 
that the seventh pair of nerves is destined for the expressive (mimisohen) 
movements of the countenance, and as again the latter, as well as the 
movements produced by speech, are the peculiar attributes of the human 
race, and, by means of the facial and lingual nerves, proceed from the 
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That the notion that the corpora olivaria are organs for the articu- 
lation of the voice, is no mere conjecture, but that it can be con- 
firmed by facts wUl appear from the following very remarkable case, 
which fen under my own observation. 

G. van A. was received into the Institution for the Insane in 
Utrecht, in May, 1854. She had then attained the age of twenty- 
two years, although, from her small and youthful figure, she seemed 
scarcely to have passed the period of childhood. Almost from her 
birth she had given signs of defective powers of mind, and it sub- 
sequently appeared that she was dumb, but not deaf. Two of her 
brothers were educated as deaf-mutes in the Institution for the 
Deaf and Dumb at Groningen. Pinching poverty induced the 
mother (whose mental powers had likewise suffered much in conse- 
quence of a former illness, after the death of her husband) to place 
her daughter in the Institution for the Insane; especially as the 
young woman had become malicious and passionate. Probably this 
was the result of the want of proper food ; as a Uttle care in the In- 
stitution soon restored her former tranquillity, which continued 
during the whole of her stay there until her death in August, 1855. 

Prom her mother we learned that she had always enjoyed good 
health, and had menstruated regularly ; only suffering occasionally 
from a spasmodic cough. The most remarkable point, however, was 
that, notwithstanding all the trouble which had been taken with her, 

olivary bodies, we might regard the olivary bodies as central organs for 
the movements of expression and speech." See Miiller, Archmjur Physiol. 
1836, p. 363. Duges also says in his Physiologie Com/par ke, 1838, t. I., p. 
360, " Les olives oifrent un degrS d'int^ret de plus, comme centre nerveux 
particulier. Le singulier kyste, form6 de substance ferme et grisStre, qui 
leur sert de noyau (corps rhomboide), tout semblable a celui qu'on trouve 
au milieu de chaque h^misph^re du cervelet, semble indiquer des fonctions 
speciales. Nous nous sommes figure que son aptitude particuliere pour- 
rait bien se rapporter ^ I'exercice de la voix, comme moyen d'expression 
des id^es. II est bon de noter h. ce sujet, que les olives sont plus volumi- 
neuses chez I'homme que chez tout autre animal, que les nerves dn 
larynx, de la langue et du pharynx naissent des faisceaux olivaires ; '' and 
furthermore, at p. 262: — " L'hypoglosse, moteur de la langue, vient des 
faisceaux sous-spinaux et peut-etre des olives qui agiraient, par leur 
intermfidiare, sur la langue comme organe de prononciation." 

I have not found these ideas in other writers, and as they are not con- 
firmed by any cases, they cannot be looked upon as more than mere con- 
jectures. Only very recently have the corpora olivaria been occasionally 
mentioned by some authors, as being connected with speech, though this 
theory is not supported by the production of any proof. 
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she had never been able to form an articulate sound, but only now 
and then uttered a squeak. She was almost always very mild and 
contented, but habitually thrust her thick tongue out between her 
teeth, without its inclining to one side or the other. She usually 
understood all that was said to her, and although idiotic, was of a 
very gentle disposition. She attended when she was called by name, 
but could never answer. She in general exhibited a smiling coun- 
tenance, especially when she was addressed by name, and when her 
attention was excited ; she almost always let her tongue hang out of 
her mouth, and only rarely gave occasional utterance to a low, 
mournful sound. Dming her stay in the house, all her functions 
were normal, menstruation was regular; now and then, however, 
her cough returned without any expectoration. But in July, 1855, 
she was again attacked with violent cough, on which diarrhoea 
supervened, she rapidly lost all appetite, and, very much emaciated 
and wasted, sank in the following month. 

At the post-mortem examiaation, the body was found to be* 
slender and but Hi-developed ; the head was small, the forehead but 
slightly arched and sloping backwards ; the chest was very fiat. On 
removing the hard, but thin and small skuU, the cerebrum appeared 
little and ill-developed ; the convolutions, especially on the anterior 
lobes, were slight and not numerous; in consequence of the diminished 
arching of the anterior lobes, the so-called convolutions of the third 
rank of PoviUe, were scarcely shown on the inner longitudinal surface 
of the hemispheres, and were very smaU ; the convolutions on the 
posterior cerebral lobes were but little developed. On the anterior 
cerebral lobes, beneath the os frontis, was seen a spot, of the size 
of the palm of a small hand, with bloody exudation under the 
arachnoid, in which situation the pia mater was adherent to the 
cortical substance, which was in many parts softened. On section, 
the grey and white substances were here and there thickly studded 
with red sanguineous points ; the thalami optici presented a strikingly 
yellow colour. The thoracic and abdominal cavities were not opened. 
On taking out the brain, however, the medulla oblongata imme- 
diately attracted my attention ; not only because the pons Yarolii 
was smaller and narrower than usual, but chiefly on account of the 
very unusual miauteness and slight development of the corpora 
oHvaria. Such an example had never before occurred to me, and I 
have accordingly represented this remarkable deviation with the 
greatest accuracy in Fig. 7 A. 
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We see here, a, the pons Varolii j h, a section of the medulla 
cervicalis at the lower extremity of the decussation of the pyramids, 
which are tolerably well-developed j at e and e we observe the small 
corpora olivaria, of which the left at o exhibits only a small nodule,* 
surrounded internally and inferiorly by uncommonly thick fibrae 
arciformes at d. These fibres are thicker than I have ever observed 
in any other case, and after descending vertically from the pyramids, 
curve outwards in eight or nine bundles. 

But at the lower extremity, on a level on the left side with d, we 
see some fasciculi passing in an opposite direction to the anterior 
sulcus, which is not the case on the right side, where the fibrse 
arciformes are also very thick, although somewhat less highly de- 
veloped. 

This deviation of these fibres inwards appears to occur very rarely. 
I found only one similar abnormity in Arnold's plates, likewise re- 
presented on the left side.f However, this writer, though in other 
respects so accurate, makes no mention of this point in the explana- 
tion of the plates, nor in his Bemerkwngen ueher den Bau des Hirns 
undRuchenmarhs, Zurich, 1838. Neither doesValentinJ norI'oville§ 
speak of it. 

Of the transverse fibres over the corpora olivaria, the so-called 
stratum zonale of Arnold, [| we can in this instance, as is often the 
case, see no trace with the naked eye. 

On the right side, the form of the corpus oKvare is not less re- 
markable ; here, at the first glance, it appears to be wholly absent. 
Thus, there is in this situation a depression with a slightly raised 
floor, on which the thick fibrse arciformes are placed; while in 
the seat of the corpus ohvare tolerably broad longitudinal fascicnli 
of fibres are seen.^ 

In order to ascertain whether the corpus olivare was present at 
all or not on the right side, I made, without destroying the prepara- 
tion, a longitudinal incision with a very sharp knife in the direction 

* The vertical diameter of this amounted to exactly four millimetres, 
the breadth to 3"46 ; in the normal condition the length amounts to from 
thirteen to fifteen millimetres, the breadth to four millimetres. 

t Icones cerebri, PI. II., Fig. 5, lett. g. Also PL III., Fig. 1 A, on both 
sides. 

I Sommering. Him- und Nervenlehre von Valentin, 1841. 

§ Traiti complet de VAnatomie du Systeme Nerveux. Paris, 1844. 

II Bemerkungen, 8[c., p. 82. Icones cerebri, PI. IL, Fig. 5 c, c. 
t Fig. 7 A e. 
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of that bodyj and then took from one wall of the section as thin a 
lamina as possible. On submitting the latter to a magnifying power 
of from 250 to 450 diameters, I found in it, almost exclusively, lon- 
gitudinal fibres, decussating with one another ; on the one side of 
the section, I found some grey substance, and in it scattered gan- 
glionic cells of the corpus ciUare, but in a straighter line, not so 
highly convoluted ; whence I concluded that the corpus oHvare was 
even much less developed on the right side than on the left. 

The posterior roots of the auditory nerve in the fourth ventricle 
were, although only in the upper half, distinctly present, and evi- 
dently passed over into the auditory nerve itself. 

The cerebellum appeared normal, but not highly developed. 

From this remarkable case it therefore appears : — that in this in- 
stance there was complete inability to articulate, and consequent 
absence of speech, without deafness and without proper paralysis of 
the tongue, which the patient could move, although perhaps not very 
quickly, with an extremely defective development of the corpora 
olivaria; so that the influence of these bodies on the complicated 
movements of the tongue in speech seems scarcely to admit of doubt. 
Deglutition was, however, well performed. 

I am indebted to my esteemed friend, Koell, physician to the 
Institution for the Insane at Dordrecht, for a second very impor- 
tant case. He sent me in April, 1856, the head of an epileptic 
patient, aged thirty-two, who had died the previous evening, and 
who had for nine months been under treatment in the Institution at 
Dordrecht. My friend at the same time transmitted the following 
report : — 

" The patient was deaf and dumb from youth, and subsequently 
became epileptic. He uttered only a croaking hard sound, which, 
nevertheless, he endeavoured to articulate ; the word tahah (as it ap- 
peared to me), being alone intelligible. He always sat quietly, assisted 
himself, could make known his desire for tobacco, and was glad when 
it was compHed with. 

" His hands were drawn inwards by the flexors ; his digestion was 
good; the last eight days he was confined to bed, ate little, and 
gradually pined away without consciousness." 

Immediately after receiving the head, I opened the cranium, which 
was thin ; the os frontis was small, sloped backwards, and was but 
little developed; on the removal of the cranium, the dura mater 
presented a very sanguineous appearance. 
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On the upper surface of the cerebrum, especially at the vertex, 
there was intense meningitis, with a greenish-yellow purulent efPusion 
between the pia mater and arachnoid, extending over the cerebral 
lobes. At the vertex, the arachnoid was, through a limited space, 
adherent to the dura mater. The pia mater was very firmly attached 
to the brain, and could only with very great difficulty, be separated 
from its surface, and scarcely even from the depressions between the 
convolutions, which seldom occurs ; consequently, in several places, 
thin layers of cortical substance continued hanging to the inside of 
the pia mater. The convolutions on the anterior lobes were small 
and ill- developed. On pulling off the pia mater, and washing with 
water, the colour of some convolutions was observed to be very 
white, and this was also the case where attachments to the pia mater 
had existed. Other points of attachment, on the contrary, exhibited 
a light rose-colour, a proof that the inflammation had penetrated 
into the cortical substance, as constantly occurs in idiopathic mania, 
unless the condition has already passed into dementia, when the con- 
volutions are pale, and the pia mater easily separated. In the 
present instance, the change of colour was the result of the inflam- 
mation of the brain, which seems to have set in shortly before death. 
The venee magnse Galeni, at their passage into the straight sinus, were 
covered with a purulent exudation, which extended to a certain depth 
between the posterior lobes and the cerebellxun. The fluid, however, 
in the lateral ventricles was clear, and the pia mater was not thick- 
ened, so that the inflammation had not extended to the whole of the 
interior cavities of the brain. The pia mater, too, could, be sepa- 
rated from the corpora striata, without laceration of the cerebral 
substance, which is, under other circumstances, not usually the 
case. 

The fornix, however, and the thalami, especially on the right 
side, were softened ; the corpora striata were healthy ; the corpus 
dentatum cerebeUi was pale ; the brain, especially the medullary sub- 
stance, exhibited many red points on section. 

The pia mater and arachnoid, on the medulla oblongata, also, were 
thickened and exhibited traces of inflammation ; the corpora oKvaria 
were small ; the posterior so-called roots of the auditory nerve in 
the fourth ventricle were even strongly developed ; they passed dis- 
tinctly into the auditory nerve, which was, however, on both sides 
very thin and atrophied. 

The cerebellum was not red from inflammation, but on its inner 
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surface it presented, between the pia mater and arachnoid, some 
purulent infiltration. The soft commissure between the thalami was 
healthy ; in the pineal gland were large sand-Kke particles. 

After I had allowed the medulla oblongata to harden sufficiently, 
I prepared thin microscopic sections of it. It appeared to me, that 
the blood-vessels, especially in the corpora olivaria and the raphe, 
were very much dilated; a point to which I shall hereafter return 
at greater length. 

In addition to a red or brown discoloration of the white and 
grey substance, occupying some extent, and caused by exudation 
from a very highly distended blood-vessel in front of the nucleus of 
the hypoglossus on the right side, about in the situation indicated 
in Kg. 1 by the letter^, I particularly observed that the inner and 
posterior part of the floor of the fourth ventricle (see Pig. 1, from o 
to beyond p), was yellow, hard, and granular, and was evidently 
more or less degenerated on the same side. There were also yellow, 
hardened spots close to and in the corpus oHvare, nearly in the 
situation marked i and I in Kg. 1; and another at m. On the left 
side, the affection was less marked, though here, too, a similar de- 
generation existed in the corpus olivare, but somewhat more 
anteriorly. The corpora olivaria, moreover, on both sides, had less 
of yellow transparency than usual ; in some places they were very dark 
and opaque, so that under the microscope I could scarcely distinguish 
their structure, which was granular, probably in consequence of a 
chronic deposition of albumen, such as I have frequently seen, under 
the form of coagulated granular matter, in hardening of the brain. 

In this case, therefore, we see that with difficulty of speech and 
articulation, degeneration existed in the ganglionic groups whence 
the hypoglossal nerve arises on the right side, while spots of de- 
generation exhibited themselves in the corpora olivaria on both 
sides. 

But it appears to me probable, that as the great imbibition of 
blood must have been of recent occurrence, the red exudation and 
dilatation of the blood-vessel near the nucleus of the hypoglossus were 
of later date, and were, perhaps, connected with, the recent inflam- 
mation of the brain, of which the patient had died ; and that they 
were, perhaps, also promoted by the former epileptic attacks ; a point 
to which I shall again allude. The vessels in the neighbourhood of 
the corpora olivaria were much smaller, and were not so highly dis- 
tended with blood. Gn micrometric determination, the vessel near 
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the hypoglossus appeared to amount in diameter to 0"261 millimetres, 
the widest, somewhat to the outside of the corpora olivaria, to 0"305 
millimetres. It is not stated whether there was paralysis of the 
tongue during life, probably, therefore, it did not exist. The epi- 
leptic attacks had not been frequent. 

A third case of this nature was communicated to me by my es- 
teemed friend, Eamaer, physician to the Zutphen Institution for 
the Insane, who, at the same time, with the greatest kindness, sent 
me the preparation. Of the history of the case, I received the follow- 
ing report : — 

" Last week I dissected the body of an idiot, whom I had always 
considered to be dumb ; but I now heard that he used to utter a 
couple of words, namely vrydag, when he had eaten anything to his 
liking, and holje, by which he designated the little bones he got here 
and there to pick, while he was stiU at liberty. However, these 
words were so indistinctly uttered that I never could understand 
them. In other respects the unfortunate bSng was cunning enough; 
he assisted ia mangling and bed-making, and could hear well. His 
brain was very well-developed for an idiot ; but the medulla oblon- 
gata was turned in the strangest manner, one corpus olivare appearing 
to be pushed upwards, while beneath was a deep depression." 

I was unable to ascertain whether this depression was produced 
by a bony excrescence from the skull, or from what cause it pro- 
ceeded ; but as we have only few examples of mal-position of the 
corpora olivaria, I thought it worth while to give a drawing of the 
specimen. We see the strangely-turned corpora pyramidalia. Kg. 
7 B j the left corpus olivare, d, d, is much smaller than the right, 
e, c, in the proportion of eleven to fifteen millimetres j the left vagus, 
V, also, is much slighter than the right, nearly as five to seven; 
between the hypoglossal nerves there is but little difference. The 
decussation is turned quite obhquely. According to reports subse- 
quently obtained, there appeared to have been no atrophy of the one 
hemisphere of the brain, nor was there any paralysis of the tongue. 

On the left side, the inferior roots of the hypoglossus, H, come 
much lower than the inferior border of the corpus oHvare. It is 
not improbable that for want of harmony in the corpora olivaria, the 
bilateral actions in the motions of the tongue, which are necessary 
to articulation, could not be accomplished. 

In the foregoing instances, the patients never had the power 
of speech and of the articulation of words ; it is, therefore, important 
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that I am able to add a case in which the difSculty of articulation 
commenced during the last period of life, in consequence of a morbid 
affection of the central parts. 

B., aged thirty years, was admitted, on the 11th of January, 
1855, into the Utrecht Institution for the Insane. 

Pormerly of a sound constitution and regular mode of life, he was 
very much thought of for his peculiar abiHty in the commission trade, 
and was, consequently often obliged to undertake fatiguing journeys. 
Por these, however, he was very well able. He suffered only from 
habitual constipation and a torpid state of the bowels, a condition 
which appeared to inconvenience him but httle, though he might 
have had no motion for several days. In 1853, he was long affected 
with boHs, and had an anthrax on the back ; he seemed often to 
suffer from nocturnal pollutions, and most probably had in his youth 
been addicted to onanism. 

In 1854, he married, and entirely changed his mode of life; he 
was now occupied in book-keeping and writing in his extensive 
business, and adopted sedentary habits. 

In the commencement of December of the same year, he began to 
complain of headach, while the constipation had greatly increased. 
The headach, which was extremely violent, and occasionally inter- 
mitting, was probably, as I have often observed it, the consequence 
of congestion and chronic inflammation of the dura mater, in which 
intermissions are very usual. 

On the administration of strong purgatives and tartar emetic, and 
the application of cupping-glasses, with scarifications to the neck, the 
headach completely gave way. The patient was now to have gone 
on a journey j when he suddenly became excited, a state which rapidly 
led to the development of all sorts of foolish and exaggerated ideas ; 
he thought he was exceedingly wealthy, bought a country place, 
wasted much money in useless purchases ; in consequence of which 
he was brought into the Institution, and placed under my care. 

At first, he was in a state of continual perturbation, under the 
constant influence of various dreams and phantasies, which at times 
he recognised as deceptions, but which quickly returned and pro- 
mised him a golden future. (Incipient inflammation of the pia 
mater and irritation of the cortical substance of the brain.) 

Under the use of tartar emetic and the employment of cupping- 
glasses, with scarifications to the neck, and the subsequent application 
of leeches to the nose and anus, his state improved so much that he 
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not only became quiet, but appeared to be restored to complete clearness 
of intellect, when unexpectedly his condition again became quickly 
worse, and day and night was liable to sudden exercabations. He had 
usually wide pupils, and the latter, if his bowels were confined — to 
prevent which care had constantly to be taken — ^became still more di- 
lated. The transition to dementia was now gradually more apparent, 
and neither a seton in the neck, nor an issue on the scalp, was 
effectual in preventing this change. The patient's gait became un- 
steady, he was more and more out of his mind, and especially began 
to exhibit much difficulty in the articulation of words, which he 
frequently could not enunciate without exertion. Deglutition also 
began to be defective, he took his food with difficulty, slobbered his 
drink, and used to let the sahva run out of his mouth. These pheno- 
mena steadily increased, while now and then a pecuHar sense of oppres- 
sion was manifested, at which times he could not bear any pressure on 
his neck or chest, and often, especially at night, he stripped these 
parts ; sometimes he grasped his neck so forcibly that he became 
blue in the face. 

The difficulty of speech and deglutition remarkably augmented ; 
he often held his food long in his mouth, then hurt himself in the 
attempt to swallow, on which severe attacks of cough usually ensued. 
His legs and arms had become oedematous. He was, however, still 
occasionally excited, and full of plans of traveUing. Finally, he 
grew more and more oppressed and short-breathed, the pulse became 
small and quick, his sleep was disturbed ; rSles were heard in the 
chest, and one evening, after having eaten with relish, he died with 
symptoms of paralysis of the lungs. 

On post-mortem examiuation, it was found that the skull was un- 
commonly thick, and that the dura mater was firmly adherent to it, 
a consequence, no doubt, of the former chronic inflammation which 
had been attended with headach. The brain appeared smaller than 
I had expected, not entirely filling the cranium, while the arachnoid 
membrane, loose and wrinkled, covered the cerebral mass, and the 
cavity was occupied by a great quantity of yeUow serum. {AtrqpMa 
Cerebri.) On removing this membrane, much effused blood was seen as 
a thin layer beneath the pia mater, ia the regions of the os frontis and 
parietal bones. On drawing away the pia mater, great flakes of grey 
substance were separated with it from the antero-superior surface of 
the hemispheres, the admitted result of inflammation of the pia mater 
and cortical substance, which had produced the phenomena of idio- 



158 THE ACCESSORY GANGLIA. 

pathic mania (pride, &c.), with the subsequent paralytic symptoms. 
The pia mater and arachnoid were thickened ; the quantity of serum 
ia the ventricles was small, probably in consequence of the pressure 
on the brain from the large amount of fluid iu the skuU ; there were 
many bloody points/ and a marbled colour of the medullary sub- 
stance ; the septum was very much softened. 

In the cavity of the thorax, there was much fluid ; the bronchial 
glands were very dark-coloured ; the left bronchus was quite fiUed 
with purulent mucus, the right less so ; the right lung, especially the 
inferior lobe, was hepatized, in the left was lobular pneumonia. It 
appears to me probable, that in consequence of the impaired action 
of the muscles, the portions of food often went wrong, and so gave rise 
to this inflammation. Perhaps a semi-paralytic condition of the vagus 
contributed to this result.* The mucous membrane of the air-passages 
was also very red-coloured ; the heart, particularly the right ventricle, 
was greatly dilated, probably in consequence of the obstructed circu- 
lation through the lungs. 

In the abdominal cavity, the stomach was found very large and 
distended, most likely a result of the semi-paralysis of the vagi, as 
I have often observed. The gall-bladder was empty ; the spleen 
and liver were normal ; the colon was uncommoidy long, and the - 
transverse colon and caecum in particular were amazingly distended 
and dilated ; a great portion of the left colon, on the contrary, as is 
usually the case in constipation, was very much contracted, and at 
the same time very much lengthened, which must be considered as 
the first predisposing cause of the patient's illness. I allowed the 
medulla oblongata to harden in spirit, in order to be able to submit 
thin sections of it to microscopic examination. 

In this investigation I discovered, in the first place, an unusual 
quantity of fat everywhere infiltrating and obscuring the tissue of 
the meduUa oblongata, and rendering it necessary to wash some 
sections repeatedly for its removal ; a condition indicative of incipient 
softening. This was principally the case in the two corpora olivaria, 
which were very highly-impregnated with fat ; the ganglionic cells 
appeared to be unusually loaded mth the latter ; the colour, too, of 
the corpus ciliare had not everywhere preserved its peculiar yellow 
tint, but was in parts very white. This change pervaded about half 
of that body ; the left corpus ciliare in particular, appeared to be 

• Dr. Gaye, Einige Bemerhungtn uber Lungenentziindungen bei Irren. In 
AUgem. Zeitschrift fiir Psychiatrie. Berlin, 1853, pp. 580 et seq. 
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much atrophied, curving at very acute angles. In the situation of 
the nuclei of the accessory, vagus, and especially of the glosso-pha- 
ryngeus, there was on the floor of the ventricle sharply-defined 
yellow degeneration, in which no particular tissue was discoverable, 
extending as a layer to near the nucleus of the hypoglossus, of 0'54 
of a TnilliTTietre in thickness.* 

I likewise encountered a round dark spot in the course of the hypo- 
glossus, between its roots.f From this exanunation, therefore, it 
appears, that not only the medulla oblongata, but particularly the cor- 
pora ohvaria, had undergone fatty degeneration, exhibiting several 
degenerated dark spots, probably consisting of more or less highly- 
organized albumen ; in the corpora olivaria, the course of the hypo- 
glossus, and particularly of the accessory, vagus and glosso-pharyngeal 
nerves. These changes fully account for the very difficult articulation 
and obstructed deglutition which had existed during life. 

A similar instance was communicated to me some time ago, during 
his short stay in this city, by my esteemed friend. Dr. Martini, 
physician to, and director of, the Leubus Institution for the Insane 
in Silesia. Dr. Martini had, in a case of total loss of speech, met with 
induration of the corpora oKvaria. 

Similar examples of loss of speech or of the power of articulating 
words, occur ia many authors, without the writers having connected 
the affection of the corpora olivaria with the loss of speech. Thus, 
Olivier relates a remarkable case of paralysis and dementia of long- 
standing, where at last the voice was all but wholly lost, the patient 
being scarcely able to utter a few inarticulate sounds ; the corpora 
olivaria and pyramidaha were softened and changed into a grey 

* About the situation marked in my first Fig. from e to beyond/. 

t I have designedly reported this case somewhat at length, because the 
whole course of the disease is strikingly illustrated by the results of the 
post-mortem examination, on which account it is of practical importance. 

Since the original edition of this Essay was printed, I received, a short 
time ago, through the kindness of my friend Dr. Roell, the medulla 
oblongata of a woman aged 50, who had been for twenty-five years insane 
and completely demented, and could only indistinctly utter the single 
word " snuif " (snuff). There was paralysis of the right side of the face. 
I found in the medulla very decided fatty degeneration ; the right corpus 
olivare was more slender and somewhat smaller than the left, although 
both were slender and atrophied; in the corpora pyramidalia were numerous 
wide vessels, of 0'276 mm., in the raphe=0-306. There was no vascular 
dilatation in the other parts. The patient had not been epileptic. 
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semi-fluid pulp.* In another case, in consequence of an aneurism 
of the basilar artery, the pyramids were nearly annihilated ; the cor- 
pora oKvaria were pressed outwards and indented ; the roots of the 
hypoglossus were in part destroyed ; the vagus and glosso-pharyngeus 
were compressed,t with loss of voice and of the power of articulation, 
and with dysphagia.! The same phenomena occurred in another 
case, with red speckling and great softening of the medulla oblongata 
after a fracture of the first cervical vertebra.§ Several similar ob- 
servations of loss of speech and of the power of articulation, with 
softening of the medulla oblongata to near the pons Varolii, || or of 
the inferior part of the pons, in which, consequently, the corpora 
oUvaria must have participated, occur in the same author.lf Thus, 
likewise, we have a case of difficulty of speech with induration of the 
medulla oblongata,** from which Olivier infers, that in affections of 
the medulla oblongata speech is lost jtt he was not, however, aware 
of file importance of the corpora olivariain this respect.JJ 

Two cases, communicated by Cruveilhier, are still more important 
in this poiat of view. The one was that of a lady, aged thirty-seven, 
who, from some unknown cause, had for six years been paralyzed in 
the legs ; the paralysis had originally begun in the left, and had sub- 
sequently attacked the right leg. For the last two years she was 
under Cruveilhier's observation in the Salpetriere. Latterly, the 
paralysis had also invaded the arms ; the sensibility of the parts was 
not diminished ; the intellectual powers were unimpaired ; but one 
of the principal symptoms was difficulty of articulation. Cruveilhier 
says : — " EUe souriait h mon approche et me saluait avec expression ; 
mais quand je lui addressais la parole, eUe etait prise d'une emotion 

• Traits des Maladies de la Mo'elle Ipiniere. Paris, 1837, 3° edition, t. 
II., Obs. 123, pp. 382 et seg. f I- c, t. I. p. 460, Obs. 52. 

: I. c. p. 457. § I o. t. I., pp. 400 et seg, Obs. 39. 

II I. c. t. II., Obs. 97, p. 187. 

H I. e. t. II., Obs. 109, p. 310, Obs. Ill, p. 315. 

•• I. c. t. II., Obs. 126, p. 398. ft T. I., p. 365, t. II., p. 423. 

tt The case from Professor Oppolzer's Klinik, communicated by Rom- 
berg, also belongs to tlie same class. In this instance the power both of 
swallowing and of speech was lost, and, in addition to the existence of a 
grey tuberculous mass in the left half of the pons Varolii, the left side of 
the medulla oblongata, from below the pons to beneath the origin of the 
vagus, was found firmly adherent to the base of the skull, while a portion 
of lardaceous tubercle, of the size of a pea, had penetrated into the super- 
ficial substance of the right corpus olivare, compressing the hypoglossal and 
facial nerves. Romberg, Lehrh. der Nervenl., 1846, 1 B. 3 Abth., p. 814. 
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difficile h rendre. Elle rougissait, riait, pleurait, ses membres et 
son tronc etaient saisis de mouvemens involontaires, qui la faisaient 
s'agiter sui sa chaise percee ; las muscles faciaux agites des grimaces 
et r articulation de sons beaucoup plus difficile que lorsqu'eUe ^tait 
revenue de cet etat de trouble. Du reste, elle finissait par se faire 
entendre. La difficulte dans I'articulation des sons tenaitsurtout 
aux mouvemens de la langue, qui n^ prenait presque aucune part. 
D^lutition difficile, ce qui supposait una diminution dans Inaction 
musculaire da la langue et de I'arriere bouche. Point de cephalalgie, 
jamais da cephalalgia ; la malade entendait h, marvaiUe, mais elle 
se plaignait d'avoir la vue tres-affaibKe. 

" Cinq mois avant sa mort deperissement notable, fievre, respira- 
tion frequanta, toux incomplete, jamais suivie d'' expectoration ; d'oii 
engouement des bronches, qui se debarrassent par momens. L' arti- 
culation des sons deviant tr^s-difficila, de mema qua la deglutitjon. 
L'intelligenca persiste jusqu'au dernier moment." 

At the post-mortem examination, Cruveilhier found, besides a 
change into a gray condition in the crura cerebri, that the great com- 
missure, thalamus and fornix, and the corpora pyramidaha in tha me- 
dulla oblongata were also grey. The left corpus olivare was healthy, 
the right was, like the parts above mentioned, grey, except a Httle point 
on its upper surface, which stiU appeared as an insidatad spot of 
white. The corpora restifonnia had undergone a similar alteration. A 
transverse section through tha centre of tha corpora olivaria showed 
that the grey change had invaded the entire thickness of the corpora 
pyramidalia and of the right corpus ohvaxe, with the corpora resti- 
formia. The roots of tha nerves arising in this situation, namely, 
those of the hypoglossua, tha vagus, and glosso-pharyngaus were grey, 
and externally appeared to be reduced to the naurilamma.* 

The foUowing case, hkawisa communicated by Cruveilhier, is, 
however, still more important. 

A child, of four years, had fallen into a state of such general weak- 
ness that he. could not stand, and had to be carried or laid on a bed; 
he could, however, move all his limbs, but could not guide his move- 
ments with precision, nor could he exercise any force. Deglutition 
was very difficult, especially of fluids, only a small quantity of which 
reached his stomach, while the rest was rejected by tha mouth, and 
sometimes through the nose. The articulation of sounds was ex- 
ceedingly slow; the voice was low and stammering ; the Kttla patient 
• Craveilhier, Anat. Pathol., Livr. 32, p. 22, PI. II., Fig. 4 O. D. 
■a. 
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still articulated distinctly, but only syUaMe by syllable j the re- 
spiration was slow, often oppressed and sighing, and in a recumbent 
position was impossible, even when the head was supported by several 
pillows. The intellectual powers of the child were developed very 
much beyond his time of life ; nutrition was perfectly well performed, 
the patient being even stout and fat. The illness was the result of 
convulsions, with which the child had been attacked three years 
previously, and which had since returned repeatedly at irregular 
intervals, causing him to be considered epileptic. Kve or six months 
later he died asphyxiated, although in the full possession of his in- 
tellect, but no longer able to utter a sound. 

On examining the body, Cruveilhier found both corpora oHvaria 
as hard as cartilage j in other respects they exhibited no change, nor 
was there any abnormity of colour or extent; one of the crura 
cei^beUi (the author had forgotten which) and the tubercula 
mammiUaria participated in the induration; the entire of the re- 
maining cerebral mass was sound. He was able to examine only 
so much of the medulla oblongata as could be taken out by the 
foramen magnum ; the medulla was perfectly healthy below, and at 
the sides of the corpora oUvaria.* It is to be regretted that in so 
remarkable a case no more accurate examination could be made 
as to the exact limits of the lesion ; neither does Cruveilliier state, 
whether decided paralysis of the tongue was present or not. 

The case, however, taken in connexion with others, proves a great 
deal, as the affection was so definitely circumscribed in the two 
corpora olivaria; and I am, in fact, much surprised that Cruveilhier 
has not drawn from it any inference as to the connexion of the 
corpora olivaria with the articulation of words, as well as with 
deglutition. 

A case of a very acute affection of the corpora olivaria, observed 
and communicated by C. C. W. Mandt, Officer of Health in the 
Dutch Indies, also appears to me to be of extreme importance.f 

A native gunner under treatment in the Hospital, was bitten, 
while out for the purpose of evacuating his bowels, by a serpent, 
called by the natives, Oeloer. Scarcely had he returned to his 
sleeping place from which he had risen, when he became giddy, fell 
in a faint, and in ten minutes had lost the power of swallowing. 

• Cruveilhier, I. c, Livr. 35. Maladies de la protuberance annulaire, p. 2. 
t See Geneeslc, Tydschrift voor NeM. Indie, V. Jaarg. Afd. V. en VI., 
p. 956. 
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D,iluted liquid ammonia put iato Ms moutli flowed out again mixed 
with saliva j the cervical muscles, and especially those of the larynx 
and OS hyoides, were stiff and tense ; respiration was laboured and 
sighing. 

There was total loss of speech with unimpaired consciousness j the 
patient at every question applied his hand to his throat, as if to 
signify that the part was constricted j the pulse was very slow, 59, 
small, weak ; the skin was cold. 

A small and superficial wound, which perforated only the epider- 
mis, vrithout any discoloration or swelling of the surrounding parts, 
was with difficulty discovered. This wound was immediately cut 
out. On account of the inability to swallow, no internal remedies 
could be given; but external derivants, rubbing the neck and throat 
with caustic ammonia, creosote, blisters, inhalations of chloroform, 
were all in vain ; respiration became more and more difficult, and 
death occurred in four and a half hours after the receipt of the 
injury. . 

Post-mortem examination four hours after death : — 

Enormous tumefaction of the whole body from emphysema. No 
local phenomena in the neighbourhood of the wound. 

nead. — Great distention of the sinus of the dura mater ; extra- 
ordinary development of the blood-vessels under the arachnoid; no 
particular change in the cerebral substance ; slight increase of serous 
fluid and collapse (?) of the choroid plexuses in the ventricles. 

The medulla oblongata was greatly congested wnder the arachnoid, 
especially between the corpus oUvare and corpus restiforme. Its 
internal texture was perfectly normal ; the spinal cavity presented no' 
morbid changes. 

Thorax. — Great rigidity of all the muscles of the throat and neck, 
with strongly-marked hyperemia of their tissue, which was uncom- 
monly dark-coloured. Little oedema of the epiglottis, perfect closing 
of the glottis, the mucous membrane of the larynx and trachea 
pale and covered with thin mucus. 

This case is extremely important in many respects, as well because 
the first commencement of the symptoms was observed by a well- 
informed physician, as on account of the post-mortem examination 
having been performed so soon after death, by which the phenomena 
witnessed during life seem to be completely explained. 

In this instance, also, the only actual abnormity was the great red- 
ness of the medulla oblongata about the corpora olivaria, ajid the 

M 2 
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accompanying hyperemia and tension of the cervical muscles, which 
are supplied by the accessory and hypoglossal nerves. Now, as this 
condition appears to have been alike on both sides, we can scarcely 
avoid inferring, that the corpora olivaria were affected, whereby the 
nuclei of these two nerves were injured, particularly in their bilateral 
relations, and consequently the powers of deglutition, voice and speech 
were completely lost. 

Lastly, we may add the testimony of Pinel, who says, that as 
alterations of speech are characteristic ia general paralysis, and 
changes ia the corpora olivaria are equally constant, the latter organs 
must be connected with the articulation of the sounds formed in 
speech, and consequently with the development of voice.* 

Many cases of impairment of speech occur in various writers, 
which I might briag forward ia confirmation of the opinion I have 
advanced, where the .medulla oblongata or the inferior portion of 
the pons TarpUi waiCi^irdened, or softened, or in some other way 
affected, but in which reports the corpora olivaria are not expressly, 
or are only cursorily mentioned ; although it is not to be doubted, 
that the impairment of speech was fairly attributable to their morbid 
condition.t 

* SSances de I'Acadimie de Midecine, Sept. 1854, quoted in the Neue 
Medic. Chir. Zeitung, 7 Feb., 1855, p. l:^^.- 

As I have not had the opportunity of reading this Essay, I cannot fairly 
judge of the premises whence Pinel draWs this inference. I have, indeed, 
in my third case, reported above, found this view confirmed, but without a 
microscopic examination I should certainly not have ventured in that 
instance to infer a definite abnormity in the corpora olivaria or in the me- 
dulla oblongata in general, as formerly, in dissections of such cases, I have 
not remarked any change in the corpora olivaria. However, these obser- 
vations of Pinel, and my conclusions previously formed on anatomico- 
physiological grounds as to the use of the corpora olivaria in the articula- 
tion of the voice, reciprocally confirm one another the more strikingly as 
they were arrived at quite independently of each other. 

■|- Morgagni, Epist. IX., Art. 25, Plura corpuscula per medullas oblongatse 
crura cum aphonia. Epist. XIV., Art. 35, softening of the medulla ob- 
longata with aphonia. Epist. LXII., Art. 5, softening, and where, on 
some pressure, blood issued from the septupi and the parts at the side of 
the sixth pair (that is the corpora olivaria), with aphonia. Serres and 
Magendie, Journal de Physiol., t. II., p. 178, PI. I., Fig. 2, lett. 4. Loss of 
speech with inflammation of the pons iVarolii, and of the corpus olivare. 
See also several cases in W. Nasse's dissertation, De Singularum Cerebri 
Partium Functionibus. Bonnee, 1845, p. 47 et seq. ; Longet, Anat. et Physiol, 
du Systime Nerveux, V, I., pp. 406 et seq. 
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We must, howeverj in estimating the value of cases with difficulty 
or loss of speech from a central cause, distinguish those in which the 
peculiar mechanism of the movements of the tongue necessary for 
articulation is impaired — from the diseased condition of the corpora 
olivaria— from those where the cause is situated higher up. 

Thus, many years ago, BouiEaud thought, that impairment of speech 
was to he ascribed to an affection of the anterior lobes of the brain, in 
opposition to which Pinel stated, that in several cases of difficulty of 
speech no morbid changes were discoverable in the anterior cerebral 
lobes.* BouiUaud has, however, correctly remarked on this point, that 
we must carefully distinguish the examples in which the memory of 
words was paralytically lost, from those in which the mechanism of 
expression was impaired from paralysis of the tongue ; as he had 
spoken only of the former cases of loss of memory of words.f 

This lesion of speech occasionally occurs, where the patients have 
forgotten the signification of words and designate a thing by a term 
which has not the least connexibn with it. Generally speaking, the 
patients are quite aware that they are using a wrong word ; such 
instances I have often observed : if we suggest the term intended, 
they immediately recognise it, and rejoice at having recovered it. J 

There is, however, a third cause of loss of the power of articulation 
and of speech, which must be borne in mind in the examination of 
affections of the brain. 

• Pinel and Magendie, Journal de Physiol., t. V., pp. 340 et seq. 

t Magendie, Journal, 1. c. t. VI., pp. \Q et seq. See a very remarkable 
instance of this recently recorded, where, in consequence of a wound, a 
bony splinter from the os frontis, above the left eye, compressed the 
anterior part of the hemisphere, subsequently causing loss of speech, 
which faculty was completely regained after the removal of the fragment 

by the trepan Gazette Midicale de Paris, 1857, No. 36, 5th September, 

p. 567. 

X Marc§ has recently collected several cases of loss of the power of 
uttering words, or of combining sounds to form words, and even of the 
loss of the power of writing, and has attempted to show that the organ for 
these psychical combinations is situated in the cerebrum. See Gazette 
Midicale, 1856, Nos. 48 and 50, December, pp. 777 et seq. A case of this 
kind occurred to me some time ago, in a person who constantly used a 
different word from that he wished to articulate ; although he was perfectly 
conscious that the word he uttered was not the right one, and was, in con- 
sequence, fretful and dejected. To my amazement, he was unable to read, 
even with large printed letters ; and he was equally unable to write ; the 
letters he placed upside down, or made illegible figures, although as an 
experienced merchant he had been able to read and write very well. There 
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Thus, we regard the corpora olivaria merely as auxiliary organs, 
or auxiliary ganglia, which, by their connexions with the nuclei of 
several nerves of the medulla oblongata, bilaterally produce a number 
of combiaations of muscular movements. To these belong the com- 
binations required for the articulation of words, for which, especially 
the hypoglossus, and partly, also, the facial nerve, likewise connected 
with the corpora olivaria, must be excited. We by no means, how- 
ever, consider the corpora olivaria to be organs whereon our will 
directly acts ; this takes place, I am convinced, chiefly in the corpora 
striata, an injury of which is also invariably followed by paralysis. , 

Therefore, if these organs, on which the will appears more imme- 
diately to act, be disturbed, paralysis of the tongue and neighbouring 
parts renders the utterance of words wholly impossible. In slighter 
degrees of affection, inflammation of the pia mater in the ventricle, 
above the corpora striata, with more or less softeniag, I saw stam- 
mering and difficulty of utterance produced in mania idiopatbica.* 

Hence it would appear, that the medulla oblongata and corpora 
olivaria may be perfectly sound in cases of loss of speech, without 
our being justified in supposing that they are not most intimately 
connected with the mechanism of speech and the articulation 
of words. It is self-evident, that in affections of the pons Varolii, 
with loss of speech or voice, of which many cases are on record, 
the lesion may have destroyed the conducting filaments connect- 
ing the corpora olivaria with the parts situated higher, as corpora 
striata. 

was no defect in his sight, but he had lost the faculty of combining letters 
so as to form a word, and consequently, could not indicate his name. It 
appeared to me very strange that he retained the power of adding up 
figures. As in many cases quoted by Marc§, the tongue was not paralysed 
in this instance. The defect in this patient was evidently situated in the 
cerebrum, and I readily admit, with Marc6, the existence of a combinative 
organ for these pyschical operations in the brain, but we are stUl far from 
being able to define with certainty the exact situation of this organ, 
although it is probably to be sought under the os frontis. 

* To show this connexion between the corpora striata and spinal cord, 
it is scarcely necessary to quote the observations of Turck, that after 
apoplexy in or about the corpora striata, granular cells form and follow 
the course of the fibres in a downward direction, so that they are met with 
in the spinal cord, below the decussation, on the opposite side from the 
seat of disease in the brain. See Zeitschrift der 7c. k. Geselhchaft der Aerate 
zu Wien, January, 1850. Also in hoTiAst's Lancet, 1850, 5« Jaarg., pp. 584 
et seq. 
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Sometimes the defect lies in the nuclei of the nerves themselves. 
Of this a very remarkable example occurred to me not long ago, in 
the medulla oblongata of a maniac, who, in consequence of long-con- 
tinued idiopathic mania, had fallen into a state of complete dementia, 
and began progressively to stammer, his speech at last becoming at 
times nearly unintelligible ; he was also affected in his deglutition, 
which became difficult. Besides the results of inflammation of 
the pia mater on the upper surface of the brain, I found, in the 
medulla oblongata,- the ganghonic cells in the nuclei of the hypo- 
glossus, and also partly, although not so numerously, in those of the 
accessory nerve, in a state of blackish-brown degeneration, which I 
at first mistook for little points of blood. On closer examination, 
however, it appeared, as Professor Nasse of Giessen, who was acci- 
dentally with me, also observed, that they were degenerated ganglionic 
cells. On many we could distinctly recognise the external neuri- 
lemma, passing over into the filaments. Among these dark ganglionic 
cells, which appeared quite filled with granular, very dark-brown 
pigment, we could discover some lighter-coloured and some healthy 
cells. In the rest of the medulla, and in the corpora olivaria, similar 
morbid ganghonic cells did not exist j the colour was much darker 
than sometimes occurs in very old persons, and the cells were quite 
filled with the colouring matter. In this case, therefore, the stammering 
and difficulty of swallowing had probably arisen from disease of the 
ganglionic cells in the nuclei of the hypoglossal and accessory nerves ; 
but as the ganglionic ceUs were not aU degenerated, the paralysis was 
not complete. The cause of the latter is consequently not invariably 
situated in the corpora olivaria ; in partial destruction of the nuclei of 
the hypoglossal' and accessory nerves the effect must, however, be the 
same, as the corpora olivaria in this case cannot excite the latter to 
action. The statement of the younger Pinel, which I have above 
quoted, that in the stammering of mania the corpora oKvaria are 
always degenerated, is therefore not correct.* 

• These morbidly affected parts may be very limited. In this respect, 
a case communicated by Dr. Panthel is remarkable, of a youth of twelve 
years, who, in consequence of violent mental emotion, had suddenly 
lost his speech and voice, although he could make all the motions of 
the tongue and lips regularly, and in aU possible directions ; deglutition 
and respiration, too, were quite free. Every attempt to speak, however, 
immediately produced spasms in' the muscles of the larynx, governed by 
the hypoglossal nerve, in the.stemo and hyothyroid and sternohyoid 
muscles. On compressing these parts with the hand, the spasms were 
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Perhaps we may refer to the central causes in the brain and 
corpora striata, a case commnnicated by Andral, of an old woman, 
who, in consequence of an attack of apoplexy had lost her speech, 
while she perfectly retained her intellectual powers. There was in 
her case paralysis of the tongue, without any other lesion of motion 
or sensation. 

In this case, on the postero-external surface of the left corpus 
striatum and in the centrum ovale of Yieussens, on the right side, 
two very much softened and discoloured spots were foand, while all 
the other parts of the brain were healthy.* In most instances, this 
central affection is not limited exclusively to the corpora striata, but 
extends also to the neighbouring parts, for example, in the centrum 
semi-ovale of Vieussens, through which the fibres connecting the 
corpora striata with the convolutions and cortical substance pass : 

instantly controlled and the speech restored. See Geneesh. Courant of the 
16th December, 1855, No. 50, translated from the Deutsche Klmih. 

Hence it appears that the ganglionic cells of the hypoglossal nerve, 
which minister to the motions of the tongue, were undisturbed, but the 
centres by which the bilateral combinations for speech and voice are 
governed, were morbidly affected, while those for deglutition and respiror 
tion were sound. 

A second case lately sent to me by Dr. Roell, was that of a woman aged 
twenty-eight, who, within two years, had become epUeptic and quite silly. 
She spoke indeed, but there was in her tone and accent something strange, 
which she could not control. The sound of her voice varied without any 
reason nearly an octave up and down, and often ended in a sharp, high, 
discordant tone. Latterly, both speech and deglutition were difficult, 
apparently from paralysis of the right side of the tongue. In this case, I 
found atrophy of the right corpus olivare and likewise scattered dark 
ganglionic cells in and around the nuclei of the hypoglossi, especially that 
of the right hypoglossus. The entire medulla oblongata had fallen into a 
state of decided fatty degeneration. In the fits, the patient often bit her 
tongue. It is not probable that the dark degeneration of the ganglionic 
cells, was of very recent occurrence, though this would certainly closely 
correspond to the symptoms above detailed. 

On the loth of February, 1859, I had an opportunity of examining 
the. medulla oblongata of an epileptic patient who died in a fit, and who 
had never bitten her tongue ; in this instance, however, an apoplectic 
attack had occurred some time previously, with degeneration in one cor- 
pus striatum. It was remarkable, that on this side the materies nigra 
in the crura cerebri had become perfectly orange-coloured. I foimd 
also, in the nucleus of the hypoglossus, some dark cells similar to those 
above mentioned. The speech, too, had in this case been affected. 

* Andral, Clinique Medicale, Chap. IV., Observ. XVII. 
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a change wMcli may be attended with paralysis of the tongue and 
loss of speech.* 

From the foregoing, I think we may reasonably infer, that the 
corpora olivaria are to be regarded as auxiliary ganglia, which, by 
their mutual connexion, produce a bilateral action, and by their 
intimate connexion with the nuclei of the hypoglossi, develop, while 
their influence on other nerves is undiminished, the numerous com- 
binations required for the articulation of words. This view is 
greatly confirmed, both by my own pathological observations of 
affections of the corpora olivaria with loss of speech, as well as by 
those derived from the works of other authors. 

Hence too, we can explain the greater size of the corpora olivaria 
in man than in other animals j and at the same time we obtain 
a proof, that these organs also discharge other important functions, 
and bring into action comphcated muscular movements, as I shaU 
endeavour more fully to point out in the two following chapters. 

* See many examples of this in Lallemand, Recherches sur I'Encephale, in 
the index under the word Aphonic. 
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CHAPTER VI. 

ON THE COKPOEA OLIYAEIA IN ANIMALS, 

I HAVE already remarked, -that the corpora olivaria in animals are 
much smaller than in man, and that they occur only in the mamma- 
lia. This observation is to be found in several authors, although, so 
far as I am aware, the subject has not been accurately investi- 
gated. 

Serres describes olivary tracts not only in the mammalia, but also 
in birds, reptiles and fishes.* He, however, acknowledges, that the 
grey substance of the corpora olivaria occurs only in the mammalia, 
and that it is much less in apes than in man ; but, according to the 
order in which he names the animals, it would appear as if they were 
larger in the Cetacea and Phocse than in the Ruminantia and Ro- 
dentia ; in which last, according to him, they are no longer plaited.f 
It is, however, well known, how little reliance Can often be placed 
on these investigations of Serres. Magendie and Desmoulins assert, 
that in the ruminantia and the pig the corpora olivaria no longer 
exhibit any trace of a corpus dentatum.f 

Rolando says, that after a careful examination of the place where 
the corpora olivaria should be situated, he thinks he can assert, 
that it is impossible in the cow, pig, sheep, and goat, to find any- 
thing at all resembling the yellow plaited or dentated lamina of the 
corpus olivare to be seen in man. Sometimes it is even difficult to 
see the tubercula olivaria externally. § 

According to Tiedemanu the corpora olivaria in the orang- 
outang are very large, five lines long and one and-a-half broad. || 

• Anatomie comparee du Cerveau. Paris, 1826, t. II., pp. 197 et seq. 

t I. c. p. 196. 

X Magendie et Desmoulins, Anatomie des System. Nerveux des Animaux d 
Vertihres. Paris, 1825, t. I. pp. 226 et seq, 

§ Magendie, Journal de Physiologie, t. IV. p. 337. 

II Untersuchungen ueber die Natur des Menschen, ZeitscJirift fir Physiol., 2 
B, p. 22. As this measurement, however, is taken only from the external 
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In the Chimpanzee I found the corpora olivaria much smaller, only 
two French lines in length, and very slightly prominent. 

Of the semnopithecus nasicus, Tiedemann says : — " Olivse vix pro- 
minentes."* Also in the lemur mongos they seem to be very small.t 
Tiedemann states, that in the lion the corpora olivaria are so small that 
they are not visible externally ; but that he has, however, seen them 
in the centrum,} In the cavia aguti, he says, they do not project 
externally; but that internally there is a grey mass, that gives the 
appearance of a corpus dentatum.§ In the phoca he found the cor- 
pora oHvaria so small that he could scarcely discover them,|| which 
is confirmed by W.VroUk.^ In the dolphin, according to Tiedemann, 
the corpora olivaria exhibit no external elevation ; but internally he 
found enclosed in the medulla an accumulation of grey substance 
(corpus dentatum ohvse).** According to Garus, they are remarkably 
large in the dolphin, in which he finds an approximation to the 
human brain.ft 

Cuvier speaks only very briefly of the corpora ohvaria, stating that 
in the bear they exhibit scarcely any elevation, and that in the lynx, 
the melas and phoca they completely coalesce with the corpora pyra- 
midalia, and can be distinguished only by the line of origin of the 
twelfth cerebral nerve. J f 

On the whole, the corpora oHvaria have attracted very little atten- 

swelling, and is therefore very indefinite, we cannot rely on it with cer- 
tainty. In the drawing given by Tiedemann of the brain of the orang- 
outang, from which he has taken his measurement, the corpora olivaria 
amount scarcely to four French lines, of which standard Tiedemann has 
made use. 

According to Valentin, the corpora olivaria in man are five Parisian 
lines in length and three in breadth. See Hirtir- und Nervenlehre, p. 234. 

* Tiedemann, Icones Cerebri Simiarum, etc., Tab. IV., Fig. 6, p. 27. 

t I. c. Tab. IV., Fig. 2, W. Vrolik and I found them very slightly arched 
in the stenops. Becherches d'anat. comparSe sur le genre Stenops d'lUiger 
in Bijdragen tot de Dierhunde, uitgegeven door het Genootschwp Nat. Art. 
Mag. 2' Afl., p. 31. Amsterdam, 1851. 

t I. c, Tab. III., Fig. 4, d, d, p. 21. § I. c. Tab. IV., Fig. 12, p. 30. 

II I. c. Tab. II., Fig. 8 c, c, p. 16. 

Tf W. Vrolik, Specimen anat. xoologicum de Phocis, 1822, p. 57. I have 
- since found the corpora olivaria in the phoca not smaller than in the ass. 
, •• Zeitachriftfiir Physiol, t. 2, p. 254. 

tt C. G. Ca,r}is, Fersuch einer Darstellung des Kervemystemsjljeipsic, 1814, 
p. 244. This is so strange that a confirmation of the observation appears 
to me to be very necessary. 

n Le^om d'anatomie comparSe de Cuvier, 2 edition, Paris, 1845, t. III. p. 105. 
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tion, and so far as I am aware, have not been accurately micro- 
scopically examined in animals. 

Having, however, endeavotued to show, especially from numerous 
pathological observations, and also from the close connexion between 
the corpora oKvaria and the hypoglossal nuclei, that these bodies 
are to be regarded as auxiliary ganglia for the numerous motions of 
the tongue in the articulation of speech, I thought it of the greatest 
importance to trace accurately the difference between them, as they 
occur in man and in animals. Indeed, their presence in the mam- 
malia distinctly shows that they cannot serve exclusively for the 
articulation of words, wMch is peculiai to man alone, but that 
they must be closely cormected also with other functions. This 
appears even from their situation in the human subject ; the cor- 
pora olivaria reach much higher than the roots of the hypoglossal 
nerve, even to the ioferior boundary of the pons Yarolii,* and 
as far as the roots of the facial nerve ; their superior part caimot, 
therefore, be connected with the hypoglossus, but must be subser- 
vient to other functions. 

In my first examination of the corpora olivaria in a cow, I was 
very much surprised to find, in transverse sections, under the mi- 
croscope, no trace at all of corpora oKvaria in the situation where 
they occur iu man ; until I observed that, while the hypoglossal 
nerve in this animal arises much lower down, the corpora olivaria are 
in like manner, placed in the situation of the origin of this nerve, but 
possess only few convolutions. It, however, struck me as remark- 
able, that iu these animals I found the corpora olivaria situated 
between the hypoglossus and the septum or raphe of Stilling, 
behind the corpora pyramidalia, while in man they are, for the 
most part, located externally to these parts. 

Now on examining the whole medulla oblongata more accurately, 
I discovered to my surprise that in these animals two corpora olivaria 
exist on each side, the one very high, immediately under the pons Va- 
rolii, on a level with the facial and abducent nerves, and situated to the 
outside of the course of the latter, and a second, much lower, but 
placed to the inside of the trunk of the hypoglossus, without any distinct 
communication being traceable between these two corpora olivaria. 

For such reasons I thought it important to examine accurately 
and compare the latter organs in several aninals.f 

• Stilling, Pons Varolii, Tab. I. 

t I gladly take this opportunity of returning my special thanks to 
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In two apes (the Cercopithecus cynomolgus and Cynoceplialus pa- 
pio)j I found the corpora olivaria single on each sidcj just as in man. 
They are here, although smaller, still tolerably well-developed ; they 
also exhibit a hilus and several convolutions ; they commence high 
up in the medulla, between the facial and abducent nerves, to the 
outside of this last nerve, or, if we wiU, to the outside of the corpora 
pyramidaha, while the upper part of the corpus cOiare in. man, is, for the 
most part, situated more internally, behind the corpora pyramidalia.* 

They extend also in apes to the inferior roots of the hypoglossus, 
of which some fasciculi, just as in man, perforata the corpora oHvariaj 
others are, in this case likewise, situated to the inside of the latter. 
Here, also, therefore, accessory nuclei occur on a - level with the 
hypoglossus, especially on the iaside. 

The close connexion between these corpora oHvaria and the hypo- 
glossus is, in this instance also, very evidently seen to take place 
through . numerous fasciculi of fibres, by far the majority of which 
pass into the external marginal fibres of the corpora olivaria; some 
few, also, go inwards into the hdus, and thereby, although they are 
less developed, agree very closely with those connecting fibres be- 
tween the corpora olivaria and the hypoglossal nuclei, which I have 
pointed out in man,t the peduncuU olivse of Lenhossek. 

Hence it appears, that these fasciculi — which, however, ia apes 
appear in a few sections only, as closely connecting filaments between 
the corpus oHvare and the hypoglossal nucleus — are subservient to 
other functions than the articulation of the voice, as I shall subse- 
quently endeavour to show. These fasciculi do not occur in other 
mammalia, although ia those also the corpora olivaria are inti- 
mately connected with the hypoglossal nuclei. 

In all the following animals examined by me, as the cat and dog, 
as types, of beasts of prey, and also in the paradoxurus musonga ; 
further in the rodentia, as the rabbit and cavia aguti ; in the herbi- 
vora, as the horse, the ass, the cow, double corpora oUvaria occur, 
nainely, two on each side, the superior of which is situated imme- 
diately on a level with the origin of the facial nerve, { between this 

"Westerman, Director of the Zoological Garden at Amsterdam, for Ms 
kindness in complying with my rec[uest and sending me several animals, 
whereby he has enabled me to pursue this investigation. 

* Stilling, Pom Varolii, Tab. 1, s. 

t Fig. 1,1, J, i). 

t Fig. 11 i,,in the cat; Fig. 4,^, g, in the calf. The height I have in- 
dicated in Fig. 8, in the dog ; Fig. 9, in the cat, Fig. 10, in the_ass a, a. 
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nerve and the abducent, that is, somewhat more outwardly. They com- 
mence with the first traces of the facial nerve and disappear in lower 
sections, where these roots also cease to show themselves. They differ 
in extent, however (as we shaU more fully see), in different animals. 

Without being in any direct connexion with these corpora oHva- 
ria, which from their situation I shall call corpora olivaria superiora 
or externa, others are placed lower down, but are situated much 
more to the inside and adjoining the raphe, mostly behind the cor- 
pora pyramidaha.* These last commence and terminate with the 
roots of the hypoglossus, to the inside of which they are located, 
several roots of this nerve penetrating through the middle of the 
corpora olivaria. With the inferior roots of the hypoglossus these 
corpora olivaria also terminate,, and, so far as relates to their lateral 
situation, therefore, coincide most closely with the inner accessory 
nuclei or corpora oHvari* of man j although the latter are smaller, 
and are properly only ramifications issuing from the corpus ciliare. 

In their internal structure, both the superior and inferior corpora 
olivaria quite agree with those of man ; they both possess an innu- 
merable multitude of very small multi-polar cells ; they are similarly 
botmded by marginal fibres, which are connected with these cells, and 
radiate externally in various directions ;t they mate, however, a 
much smaller number of convolutions than in man, and present 
only a feeble trace of hHus. Although there are no such thick 
connecting fibres (pedunculus olivse) as in man, there are, in the de- 
cussating network of fibres, very many rays or radiating fibres of 
St illin g, which connect these corpora olivaria with the nuclei situated 
on the floor of the fourth ventricle, namely, the superior with the 
nucleus of the facial nerve,t the inferior with the nucleus of the hypo- 
glossus. § 

The superior are situated behind the so-called trapezoid body, 
beneath the pons Varolii, 1| the transverse fibres of which pass through 
the anterior part of these corpora olivaria to unite more or less with 
their marginal fibres, and are thus connected, through the raphe with 
those of the other side.lT From the marginal fibres too, more .poste- 
riorly, several fibres radiate in a transverse direction, towards the 

* Fig 12, behind Ic, b, in the cat. See the height in Figs. 8, 9, and 10 
h,h. t Fig. 2i, Fig. lU. 

X Fig. 2 i,lc, d, with the nucleus of the facial nerve in the cat; and 
Fig. ip, q,f, in the calf. § Fig. 12 k, d. \\ Figs. 8, 9, 10, a, a. 

IT Fig. 4 q, p, a; Fig. 11 k, a. These fibres of the corpus trapezoides 
radiate transversely through the raphe ; in the cat they cover almost com- 
pletely the longitudinal fibres of the raphe. Fig. 2 a, also Fig. 4 a. 
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raplie.* They are themselves interwoven with very minute fibres, 
mostly in a transverse direction, t 

The inferior consist of three bodies, placed obliquely and adjoining 
one another, which are situated in an obHque direction behind the 
corpora pyramidalia. They are much more strongly interwoven with 
transverse fibres belonging to the fibrse arciformes, and thus exhibit 
a striking similarity to the inner corpora oHvaria or accessory nuclei 
in man. J 

The superior corpora oHvaria vary, however, considerably in differ- 
ent animals ; I have found them most highly developed in the beasts 
of prey, as the dog and cat, as also, though somewhat less so, in the 
paradoxurus musonga. They are smaller in the rodentia, the rabbit, 
and the Cavia aguti ; still smaller in the herbivora, the calf, horse, 
and especially the ass, where they are very sHghtly developed, he 
more anteriorly in the corpus trapezoides, and consist at most of two 
or three oblong round nuclei, which, on a superficial inspection, 
might easily be overlooked. 

For these reasons I have made an accurate drawing of them in the 
cat and calf. 

We see them as they are in the cat in Kg. 11, i, ^.§ At the 
inner side, two roots of the abducent nerve, k, d, are visible. The 
corpora olivaria here form a double curve, hke an S (see i), a pro- 
cess being connected with it and situated on the same side, Tc, and 
are surrounded by numerous marginal fibres, although they are 
sharply defined from the surrounding tissue. Many radiating fibres, 
which in other sections were still more numerous, connect these 
corpora olivaria with the facial nucleus, d, while, as we have above 
seen, other transverse fibres connect them through the raphe with 
those of the opposite side. 

In the calf they are less developed and smaller ; they are here not 
so coherent, and are divided into three separate bodies, || which, 
although unconnected, nevertheless exhibit exactly the same struc- 

• Fig. 4 and 11. t Fig- 4^, ?; Fig. 11 i, k. % Fig. 1 k. 

§ In this drawing, only a trace of the facial nerve occurs in the nucleus 
at d. The section was taken exactly between two bundles of the facial 
nerve, where a blood-vessel, /, is visible in its course ; in higher, and parti- 
cularly in lower sections, numerous roots of the facial were again visible. 
I may take this opportunity of observing, that above and below the course 
of a nerve in the medulla oblongata, especially of the a,bdacent, facial, 
glosso-pharyngeal, vagus, and hypoglossal nerves, a blood-vessel is usually 
situated, which follows the course of the nerve into the nucleus. I shall 
subsequently show the importance of this. || Fig. 4, p, q. 
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ture. But in some sections the two smaller, c[, were connected and 
formed but one fold. Prom the top of these two, fibres also radiate 
anteriorly into the trapezoid body, jb, q,f, and are connected by many 
radiating fibres with the facial nucleus. On the outside, some- 
what more posteriorly, we see again two groups of nuclei, or 
ganglionic cells, which, however, do not belong to the corpora 
oHvaria, are distinguished from the latter by very large multi-polar 
ganglionic cells, and belong to the facial nerve.* These also are of 
general occurrence, though they are not always found exactly on a 
level with the corpora oHvaria ; most usually they are a Kttle above 
the facial nerve. To this poiat I shall again advert. 

As I have remarked, these superior corpora- olivaria are covered by 
the transverse fibres of the so-called trapezoid body,t which form 
very thick fasciculi, and unite through the raphe with those of the 
other side. In its transverse course the trapezoid body surrounds 
the facial and auditory nerves, and appears to be closely connected 
with the latter nerve. Serres, however, shows from several compari- 
sons, that this trapezoid body bears no fixed relation in size to the deve- 
lopment of the auditory nerve, the latter being, in some animals, large, 
where the trapezoid body is small, and vice versd.% On the contrary, 
this body appears to be broader, in proportion as the pons Varolii is 
slighter in animals.§ Sometimes a trace of it occurs alsoinman.|| 

The other or inferior corpus oHvare varies much less in size and 
shape in different animals, so that I have been unable to observe 
anything characteristic in it. As we have above seen, it lies to the 
inside of the hypoglossus behind the corpora pyramidalia,Tf and is 
connected both with the nucleus of the latter by radiating fibres, and 
with the raphe by transverse fibres. The radiatijig fibres are very 
numerous, especially in the rabbit. 

The general opinion is, that the corpora olivaria are wholly wanting 
in birds. I too thought I had seen this established from several 

• Fig.4o,/. 

t Fig. 4,^, 5, 0. Fig. 11, C, and Fig. 8, 9, 10. See also Tiedemann, 
Icones Cerebri Simiarum. Tab. I., Fig. 5 k, in the Simla nemestrina, Tab. 
III., Fig. 4 e, in the Lion. So also Serres, Anatomie ComparSe du Cerveau, 
Tab. XI., Fig. 231, T. Tab. XIII., Fig. 249, T, and in several drawings. In 
animals in which the pons is slighter, this body appears more uncovered. 

t Serres, I. c, t. I., p. 331. § Serres, I. c, t. II., p. 209. 

II Arnold, Icones Cerebri, Tab. II., Fig. 6, b, and Bemerhungen tieber 
den Bau des Gehirns, Zurich, 1838, p. 21. 

H Fig. 12, c, k. 
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sections of the medulla oblongata, until, on carefully examining a 
series of consecutive sections of the whole medulla oblongata, I found 
that in birds also we meet analogous forms, although less elaborately 
constructed. Thus, on the level with the hypoglossus are very 
dense groups of ganglia on the front of the medulla, partly to the 
inside, partly to the outside of the hypoglossus, which, consisting 
of two or even three oval groups of ganglionic cells, are here and 
there confluent, and thus present a complete analogy to the inferior 
corpora olivaria, and also quite agree with them in situation. But 
they differ in their tissue; as they are composed of large multi-polar 
ganghonic cells, which in the corpora oUvaria are smaller. 

Similar, but smaller groups occur on a level with the facial 
nerve, of which one group is situated within the abducent nerve and 
raphe, and another externally to this nerve, consisting of large gan- 
glionic cells, so that we must consider these bodies to be analogous 
to corpora olivaria. 

To what nerves these corpora olivaria are more closely related, 
is a question of especial importance. In man this is more difiB^cult 
to decide, since the corpora olivaria in the hrmian subject extend as 
a continuous tract through the greatest part, or nearly the whole of 
the meduUa oblongata, and may, therefore, be connected with all the 
nerves of the medulla. 

In the lower mammalia, the medulla oblongata is, however, extended 
to a proportionally much greater length : the nerves in these stand 
further from one another, and the corpora olivaria, which in man and 
in the apes are connected to form one compound body, are separated 
in these animals into distiuct groups, belonging to particular nerves. 

Thus, in all animals, the inferior corpus olivare is contained exactly 
within the limits of the roots of the hypoglossus,* and as, especially 
in the dog, and also in the ass, the glosso-pharyngeal nerve,t together 
with the vagus and accessory, J reach much higher than the top of the 
inferior corpus olivare, we may suppose that this body is in no way 
connected with these last nerves. 

The limitation of the superior corpora oHvaria may appear some- 
what more dif&cult; indeed three nerves, the abducent, facial, and 

* Figs. 8, 9, 10, 6, i, 12. t can guarantee the accuracy of tliese drawings, 
as I have determined the relative distances of the nerves and other parts 
with a pair of line compasses, which easUy show even the one-fiftieth of 
a millimetre. 

t Figs. 8, 9, 10, see 9. t Figs. 8, 9, 10, see 10, 11. 

N 
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auditory, occur on a level with these bodies. As they, however, are 
very closely connected by radiating fibres exclusively with the facial, 
we must assume that they are auxiliary ganglia of this nerve. 

"We shall, therefore, now proceed, after these more purely anatomical 
considerations, to an accurate examination of the action of the 
auxiliary ganglia. 
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CHAPTER YII. 

ON THE FTJNCTIONS OF THE COEPOBA OLIVAEIA, AND ON THE DIF- 
-FEEBNT AUXILIARY GANGLIA IN THEIE CONNEXION WITH THE 
SEVEEAL NEEVE-NTJCLEI. 

Since, as we have seen, the corpora olivaria are, in animals, divided 
into two groups, the superior, connected with the facial, the inferior 
with the hypoglossal nerve, I shall now proceed to examine each 
separately, as well as the particular auxiliary ganglia, occurring in 
addition to these bodies. 

With respect, in the first place, to the superior corpora olivaria, 
they are, as I have shown, most intimately connected with the facial 
nerve ; but as they are also connected with one another by transverse 
filaments passing through the raphe and through the corpus trape- 
zoides, it may be inferred that their influence on the facial nuclei, 
and through them on the nerves, must be bilateral. We have, indeed, 
found> that the two facial nuclei are reciprocally connected on the 
floor of the fourth ventricle by' transverse fibres, while it is still un- 
certain whether a mutual connexion exists also between the superior 
fibres of the nerve itseK, which run directly over the nucleus.* Thus 
to secure bilateral action, no need of corpora olivaria or accessory 
ganglia should apparently exist. The effect of these last on the 
facial nuclei can be only an indirect reflex action, whether produced 
by the wiU,, or by other stimuli, while the wiU, acting directly on, 
the facial nuclei, is capable of producing separate movements. The 
reciprocal and close connexion between the nuclei of the facial nerve 
appears to me, as I have already remarked, to be related to the bi- 
lateral action of most of the facial muscles ; thus, we usually move 
the eyelids, the alse nasi, and the orbicular muScle of the mouth 
simultaneously on both sides, and as this bilateral action appears to 
be stronger in animals than in man, we find in the former a corre- 
spondingly greater quantity of transverse fibres, apparently uniting 
from behind the nuclei of the facial nerve. 

* See above, pp. 117 et teq. 

US 
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To the corpora oKvaria would, therefore, belong the more compli- 
cated actions in the expression of the passions, which may be reduced 
to a species of reflex actions, as in them we bring our face into 
motion, almost without being conscious of so doing, and particularly 
as this expression is the same in all men.* We may, indeed, volun- 
tarily produce the same movements, and so artificially imitate the 
passions, showing that in this instance the superior portions of the 
corpora oHvaria are not wholly withdrawn from the influence of our 
win, and that in every case the stimulus will be communicated from 
the brain to these bodies ; but we do this rather by mentally exciting 
in ourselves the feelings we wish to express, than by any special in- 
fluence on the muscles of the eyes, the mouth, &c.t 

The above described difference between the corpora oHvaria su- 
periora in different families of the animal kingdom appears to me to 
be particularly remarkable. 

Thus we saw that in beasts of prey these bodies are more highly 
developed than in herbivorous animals. In the latter, the trunk of 
the facial nerve itself is, it is true, very thick and large, but this 
depends upon the extent and volume of the several muscles it has to 
set in motion. But the expression of the passions, especially of 
anger, is much stronger in the faces of the carnivora than in the 
herbivora, which, as Bell correctly remarks, scarcely express their 
passions in the face. J In passion, in the bull, the eye sparkles and 

• That these movements of the face in passioiis, laughing, &c., are, in 
fact, reflex movements, and by no means excited by the direct influence of 
our will, appears among others, from the remarkable case related by 
Romberg, of total loss of all voluntary movement of the face, while the 
patient laughed with all the complicated movements -which attend the act 
in the healthy subject. Lehrhuch der Nervenlcranlcheiten, 1846, 1 B. 3 Abth., 
p. 661. Nor is the opposite case less remarkable, where the voluntary 
movement of the face was undisturbed, while the reflex motion of the 
right side was lost. Romberg, I. c, p. 662. 

t It might indeed appear, that in man, the corpora olivaria are not in 
connexion with the facial nerve, since, according to Stilling, the superior 
fibres of the latter seem to arise somewhat above the former ; but this is 
not the case. The top of the corpus olivare in the human subject occurs 
in the same sections as the lowest fasciculi of the facial nerve, and is, more- 
over, lost in a vertical and upward direction in distinct ganglionic cells, 
apparently in connexion with the nerve. The upper part of the corpora 
olivaria in man, must, therefore, correspond in action to the corpora olivaria 
supexjora in animals. 

X Charles Bell, Essay on the Anatomy and Philosophy of Eitpression, 
2ud edition, London, 1824. 
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the nostrils are dilated ; but in the carnivora, the lips are retracted, 
the canine tooth is bared, the flashing of the eye is terrific, and the 
peculiar snarling expression is presented.* The muscles which co- 
operate in the production of the latter, called by Bell the musculi 
ringentes, are whoUy wanting in the herbivora ; the sKght develop- 
ment of the corpora oHvaria superiora of the latter, therefore, quite 
corresponds to the trifling degree of expression in the face. These 
bodies, too, in the ass, which has scarcely any expression in its face, 
are accordingly much smaller than in the bull or cow. 

I have lately had an opportunity of examining the corpora olivaria 
in a sealj I found the inferior corpora olivaria nearly as in the 
dog, cat, &c. ; but the superior were entirely absent. This is very 
important, as in the seal, in consequence of the unyielding nature 
of the skin, no expressive movements can take place. 

In birds, the superior corpora olivaria on a level with the facial 
nerve, are still less developed than the lower, and consist only, as I 
found in the hen, of a few small groups of large gangHonic cells, 
withiu and on the outside of the abducent nerve ; they are also con- 
nected by radiating fibres with the nucleus of the facial. This ex- 
actly corresponds to the slight development of this nerve, of which 
Longet correctly says : — " Les oiseaux, chez qui les muscles de la 
face sont si peu nombreux, offirent un nerf facial rudimentaire ; les 
filets peuvent servir dans Fexpression des passions, en faisant con- 
tracter les muscles qui, chez certains oiseaux, redressent les plumes 
mobiles de leurs oreflles et ceUes de leur cou^ Cest ^videmment le 
nerf facial qui influence 1' erection des plumes du cou chez le coq de 
combat, se pr^parant h, la lutte."t 

In addition to these corpora olivaria superiora, other ganglionic 
groups, however, occur, which are closely connected with the facial 
nerve, and of which I have already spoken, f These; are met with in 
aU. the animals I have examined ; they are intimately related to the 
trunk of the nervus trigeminus, so that StiUing even thinks he sees 
in them, in the human subject, the inferior nucleus of the trigeminus. § 
But in this view I cannot at all agree with him, since the trigeminus, 
as we have seen, is situated between the auditory and facial nerves, 

* ;. t. t Longet, Anat. et Phys. du Syst. Nerv., t. II., p. 170. 

X See above, p. 176, Fig. 4 o, /. In other sections, a little higher or 
1 ower, this ganglionic group is usually larger, and has coalesced into a 
round mass, as is represented by StiUing in the human subject. 

§ Pona Varolii, Tab. III. r, p. 33. 
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and is separated by the facial from these groups, wMe the root of 
the trigeminus, moreover, descends much lower.* 

I have already spoken of the influence of the trigeminus on the 
facial nerve, and from the filaments passing from the fifth nerve to the 
facial nucleus, I have sought to explain the multitudinous reflex 
actions elicited by the application of stimuli to the face, or often, for 
example, in toothache. The use of these ganglionic groups might, 
therefore, appear to be' doubtful — but as they are connected pos- 
teriorly with the facial nucleus,t externally by several fibres with 
the root of the trigeminus, and especially with a ganghous mass 
present in that root,J we may suppose that they, too, are capable of 
producing a reflex influence on the facial nerve. 

Among the actions developed by the' influence of the trigeminus 
on the facial nerve, winkitig alone remains to be considered. This 
is absolutely a reflex actioii, produced by the trigeminus. It is well 
known, that after division or paralysis of the first branch of the tri- 
geminus, winking, on the application of stimuli to the eye, ceases. § 

Yet here, too, comparative anatomy comes to our assistance. We 
have above seen that in birds, where there is little expression of 
passions depending on the facial nerve, the corpora oHvaria supe- 
riora are also extremely slightly developed j but birds, in common 
with the mammalia, possess the power of winking, and it surprised 
me very much to find this same group of ganglionic cells to which we 
have ascribed the act of winking, as strongly developed, and equally 
closely connected with the facial nucleus by numerous fibres in birds 
as in the mammalia, coiifirming the idea I have put forward as to 
the use of this accessory ganglion. j| 

An analogous formation of an accessory nucleus or auxiliary gan- 

* See above, pp. 133 et seg. f Rg. 4 o, /. J Fig. 4 r, u. 

§ Thus also the above-mentioned patient, in Romberg's case, could not 
voluntarily close the eyelids ; but if the hand were quickly moved towards 
the eyes, or if the latter were suddenly directed towards a bright lightj 
the eyelids were closed. And this took place also in sneezing. Romberg, 
Nerv. Krankh., p. 659. 

Still stronger is tbe case described by Romberg, of a patient with 
anesthesia of the fifth nerve on the left side ; in whom rough contact, 
even pricking the globe, did not produce winking, while he could, at 
will, powerfully close the eyelids, I. c. pp. 200 et seg. Here, therefore, the 
reflex action was cut off, while the direct influence of the wUl from the 
brain remained. 

II Winking, however, proceeds from a twofold cause ; it arises in conse- 
quence of a strong impression of light on the optic nerve, and also from 
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glion occurs with the glosso-pharyngeal nerve, and consequently 
lower in the medulla, where it, therefore, appears to be in no direct 
connexion with the auxiliary nucleus of the facial nerve. In other 
respects the auxiliary gangKon is placed in the same direction, on 
the inside of the trigeminus, with which it is very closely connected 
by numerous fibres : so that we might regard it more correctly than 
the preceding almost as a part of the trigeminus, which, however, is 
not very probable. It is situated more anteriorly than that of the 
facial nerve, and is very closely connected with the nucleus of the 
glosso-pharyngeal by many more central fibres, which divide into a 
number of beautiful fasciculi. As, however, the glosso-phaiyngeal 
nerve, according to my observations, perforates the root of the trige- 
minus itself, this auxiliary nucleus, which splits into two divisions, 
and contains larger multi-polar ganglionic cells, is not separated from 
the root of the trigeminus by the glosso-pharyngeal nerve, as is the 
case with the facial. 

As the glosso-pharyngeal nerve is, for the most part, a nerve of 
taste, and as its remaining motor branches are distributed to the 
pharynx and the soft palate, its muscular influence appears to be 
closely connected, perhaps, with deglutition, or, in my opinion, rather 
with the sensation of loathing and squeamishness. 

It is, therefore, not improbable that the accessory nucleus for 

touching the eye or eyelid. It is very important, that, as Snellen shows in 
his very valuable dissertation, the stimulus of feeble light causes only a 
reflex action of the eyelid on the same side in a rabbit, while from the action 
of very strong light on one eye, both eyelids wink. In a healthy rabbit 
on the other hand, the most violent pinching of one eyelid produces only 
motion on the same side. The optic nerve, as the author infers, therefore 
reflects bilaterally in the rabbit, the trigeminus only unilaterally. See 
H. Snellen, De invloed der zenuwen op de ontstehing proefondervindelijk 
getoetst. Utrecht, 1857, p. 24. Hence it would appear, that in the rabbit 
the above-described ganglionic groups, which are subservient to the act of 
winking, are not connected with one another by transverse fibres. In other 
respects, this writer goes too far, in wishing to apply what is true of one 
branch of the trigeminus in the rabbit to the entire of this nerve ; as the 
reflex action of the trigeminus in deglutition is certainly bilateral. In- 
voluntary winking, too, in man is bilateral, also in cases where it is not 
excited by the stimulus of light. 

However, it is important that Heer Snellen has shown by an experiment 
(I. c, p. 24), that winking continues to be excited by the action of light on 
the optic nerve, after the trigeminus is cut through, consequently a con- 
nexion must exist also between the roots of the optic nerves and the nuclei 
of the facial nerve. 
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the glosso-pharyngeal also stands in the same close relation to this 
bilateral muscular action, in retching and other movements of the 
pharynx, as we have seen of the accessory nucleus with the facial 
nerve, namely, as a reflex ganglion. 

The course of the nervus vagus, and its connexion with different 
parts in the medidla oblongata are, however, of extreme importance. 
"We know, indeed, that the nervus vagus in particular exercises an 
extraordinary influence on respiration, and the discovery of the cen- 
tre for the movements of the respiratory muscles is, in fact, a most 
important problem. 

We have above spoken only very briefly of this nerve, and have 
seen that it arises from a nucleus, to the outside of the nucleus 
of the hypoglossus.* In proportion as we descend lower in the 
medulla oblongata, where the accessory appears as a motor nerve, 
this ganglion passes further backwards and towards the raphe, so 
that it is situated behind the nucleus of the hypoglossus ;t bearing 
out the remark I have already made, that the nuclei for the motor 
nerves are situated nearer the raphe, and those for sensation or cen- 
tripetal action more to the side. 

My attention was, however, much attracted by a bundle of longi- 
tudinal fibres, which is situated to the outside of the nervus vagus, 
near its entrance into the nucleus, and which disappears in. higher 
parts, where the vagus no longer shows itself in transverse sections.f 
This fasciculus of longitudinal fibres becomes larger and interwoven 
with more numerous transverse fibres the lower we take the sections, 
untn it finally passes into the lateral columns of the spinal cord.§ 

It appeared to me, from accurate investigations, that from this 
fasciculus of longitudinal fibres different nervous filaments pass into 
the vagus itself, || and proceed, with the trunk of the nerve, outwards. 
Between these longitudinal fasciculi several ganglionic cells also 
occur. The fasciculus is, commonly, closely circumscribed by mar- 
ginal fibres, which are given off as curved fibres, to decussate in the 
raphe ;T[ other fibres radiate more anteriorly, where they disappear in 
the root of the nervus trigeminus,** which thus influences respiration. 

• Fig. 1 g, g, e,f, p^92. t Fig- 2 a, k. 

X Fig. 1, at s, Fig. 2 A, l,m, Fig. 12 at e. See also Stilling, Medulla 
Oblongata, PL V. VI. m. 

§ Stilling, Medulla Oblongata, PI. VI. V, n. PL IV., Fig. 2, at n. PI. 
III. and II. e, e, pp. 23 et seq. 

II Fig. 1 *. \ Fig. 1 m, n, b. •• Fig. 1 to the outside of m, n. 
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In parts situated lower down, a number of fibres were dis- 
tinctly seen, which, running transversely behind the central canal, 
united, as a commissure, with the corresponding fasciculus of the 
other side,* to confer on respiration its invariably bilateral cha- 
racter. Anteriorly, too, fibres ended herein, which appeared to 
arise from the above-described marginal fibres, around the hypo- 
glossal nucleus in front of the accessory nerve.f 

Hence it appears satisfactorily established, that this fasciculus of 
longitudinal fibres is most closely connected with the vagus and ac- 
cessory nerves, fibres from these nerves passing into it. Now, I have, 
in the first part of this volume, endeavoured to show, from experi- 
ments by Schifif, that the lateral columns of the spinal cord serve 
for the motions of the trunk, and therefore for respiration, the 
anterior columns for the movements of the extremities. J 

It is therefore extremely remarkable, that not only do these lateral 
columns terminate on a level with the nervus vagus, which is so 
closely connected with respiration, but also, that fibres from the 
vagus and accessory nerves appear to pass into them. 

Hence it is easy to explain why, if the nervus vagus be centri- 
petally excited, for example by means of a rotatory apparatus, 
respiration ceases, as the stimulus is now conveyed along the nervus 
vagus to the lateral columns of the medulla, which curve through 
cross rays again into the anterior grey horns of the spinal cord, to 
pass into the nuclei, whence the respiratory nerves arise. § 

In this manner also, the ordinary mode of respiration is explicable. 
The nervi vagi appear to convey stimuli from the lungs, perhaps 
from the superabundant carbonic acid, to the lateral columns, whereby 
the phrenic nerve is in the first instance excited, and so inspiration 

* Fig. 2 Aa k, d. f Kg- 2 o, A. J Essay on the Spinal Cord, p. 26. 

§ It has been a subject of much dispute, whether in this experiment 
respiration stops in the inspiratory or expiratory stage. See Snellen, Onder- 
zoeMngen over den invloed van den N. vagus op de ademhalingsbewegingen, 
in the Nederlandsch Lancet, 1854-55, p. 421. 

My esteemed friend Bonders showed me, that during an experiment 
with needles inserted into the diaphragm, and then inclined forwards, an 
arrest of respiration took place in the inspiratory stage. I suspect, how- 
ever, that the experiment in question does not fully establish this point, 
for the stimulus acts as well on that part of the longitudinal columns, 
whence the phrenic nerve arises, as on that from which the intercostal and 
lumbar nerves spring. The diaphragm must therefore descend, but at the 
same time the thoracic and abdominal muscles are put upon the stretch ; 
whence it appears to me, that all the muscles of inspiration and expiration 



186 RELATIONS OF THE GANGLIA. 

ensues. In the ordinary course of breathing, expiration follows on 
the cessation of this reflex action of the vagus on the phrenic nerve, 
in consequence of the elasticity of the lungs, as particularly observed 
in the remarkable case T formerly described of complete compression 
of the spinal cotd, immediately beneath the root of the phrenic nerve, 
in which all respiratory movements and even speech were preserved 
intact. See Nederlandsch Lancet, 1851-52, page52. 

On the application of a stronger stimulus, a brief excitement arises 
in the phrenic nerve, and passes rapidly to the expiratory muscles, as 
in sneezing, coughing, &c. » 

Lastly, in birds, where the mechanism of respiration is the same 
as in the mammalia, a similar bundle of longitudinal fibres occurs on 
the outside of the vagus, although other parts are scarcely visible, as 
corpora ohvaria ; so that here too, the same relation is manifested 
between these fascicuU and the nervus vagus, to meet a Kke necessity 
in the mechanism of respiration.* 

Hence appears clearly what I have above remarked, that the lateral 
columns of the spinal cord terminate in the medulla oblongata. At 
the same time, other new longitudinal fascicuU must be present to 
convey the orders of our will to the pdint of union for respiration, 
already described, enabling us voluntarily to quicken or to modify 
our breathing as may be necessary. These nervous filaments, through 
which our will acts on the longitudinal columns, and through the 

are simultaneously contracted, perhaps in different degrees, according as 
one or other set has the predominance. This was subsequently confirmed 
by Snellen himself, who stated to me that he had often seen vomiting 
ensue in dogs during central irritation of the vagus, and arrest of respira- 
tion, thus indicating a simultaneous contraction of the abdomen. The 
same appears also from the investigations of A. von Helmolt, Veber die 
reflectorisehen Beziehungen des Nervus «a^«s, Giessen, 1856, who on strong 
irritation observed powerful contractions, also of the abdominal muscles. 
/. c, p. 27 and 32, note. 

* Dr. Stich relates a case, where perfect anassthesia, not only of all the 
nerves of the trunk, but also of the accessory, vagus, glosso-pharyngeal, 
and fifth nerve was said to exist ; so that the inhalation of acid vapours or 
mechanical irritation in the parts under the control of the vagus, glosso- 
pharyngeal, and trigeminus nerves produced no reaction. How respira- 
tion could continue and deglutition take place in this case, I cannot 
understand. See Schmidt's Jahrhueher, 1857, No. 3, pp. 355 et seq. 

Unfortunately, no remark is made on this point. It appears to me, that 
the anaesthesia can have affected only the majority af the branches of the 
fifth and of the superior laryngeal nerves ; but the case is too superficially 
reported to admit of any conclusion being drawn from it. 
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latter on respiiation, we can, in fact plainly distingnish. Thus we have 
above described the fibres^ which decussate and as conductors of the 
orders of our wUl, are lost in the nuclei, whence the nerves take their 
origin. We have also seen how these fibres run as marginal fibres 
round the nucleus of the hypoglossus, while some of them penetrate 
into that of the accessory more posteriorly situated.* But it struck me 
very forcibly, that on using a suflicient magnifying power, I saw some 
of these marginal fibres, and indeed the most external, along the out- 
side of the hypoglossus, a, a, perforating the trunk of the accessory, 
Ay and passing into the longitudinal tracts or fasciculi, a, h, I, which 
are situated behind and to the side of the accessory, and being lost 
there, while several multi-polar ganglionic cells made their appear- 
ance.t I was long uncertain what function I should attribute to 
these marginal fibres, and at first suspected, that in them some closer 
connexion was to be sought between the accessory as a vocal nerve 
and respiration. As, however, all these marginal fibres which 
terminate in the nerve nuclei, and decussating with the other side,' 
appear to curve upwards into longitudinal fibres, must be regarded 
as conductors of our will, it seems to me scarcely to admit of a doubt, 
that the fibres — ^which terminate in the longitudinal columns a, h, Ij 
and appear to be connected with them by means of multi-polar 
ganglionic cells, and to pursue exactly the same course with the 
above— are likewise routes whereby our will is enabled to convey its 
orders to the respiratory apparatus, and according to our wiU. to 
modify its action. We do not, however, in the situation of this union, 
meet with any aggregated group of ganglionic cells ; the latter are 
rather scattered and isolated in the summit of this longitudinal 
fasciculus. 

Moreover, it is an important fact, that these conductors of our 
wiQ, whereby we influence respiration, decussate, just as I have 
shown of the other marginal fibres, which pass iato the nuclei of the 
nerves. At the same time, these fibres afford a fresh proof, that 
the lateral columns of the spinal cord really end here. Thus from 
the spinal cord, the corpora pyraxnidalia, which serve for the move- 
ments of the extremities, alone pass anteriorly, as a continuation of 
the anterior columns, upwards ihto the brain ; the lateral columns do 
not take this course. Hence it follows, that in hemiplegia after 
cerebral apoplexy, the arm and leg of the same side are paralyzed. 
We call this, however, very incorrectly, unilateral paralysis, as iJF the 
» Fig. 2, A, o, a, a. t Fig- 2, A, a, I. 
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entire half of the body were paralyzed j this is not the case : only the 
muscles of the one half of the face, of the amij and leg are affected j 
but the intercostal muscles, the abdominal muscles, and the one half 
of the diaphragm are in hemiplegia undisturbed in their functions. 
Sometimes, I have observed that the one side of the chest was, in 
consequence of paralysis of the pectoralis, less powerfully drawn up- 
wards ; but still respiration is not xunlaterally disturbed.* This pecu- 
liarity, to which in my opinion sufficient attention has not been paid, 
is to me a powerful proof, that the lateral columns of the spinal cord 
do not run into the brain, as they should then in apoplexy Kkewise 
participate in the subsequent paralysis, which never is the case. As 
they are brought into action specially by the stimulus received from 
the nervus vagus, their function does not depend directly on our wiU, 
although it may be to a certain extent influenced by the latter.f 

The close connexion between the nucleus of the vagus and the 
nervus trigeminus, which I have above merely alluded to, is, however, 
extremely remarkable. With no one nerve-nucleus does the tri- 
geminus appear to be so intimately connected as with that of the 
vagus, so much is this the case, that in some sections the vagus- 
nucleus seems to coalesce with the root of the trigeminus. 

How completely the phenomena during life correspond to this, 
scarcely needs to be demonstrated ; thus irritation of the trigeminus 
acts most powerfully on respiration, for example, in sneezing ; thus 
also, spriuiling cold water on the face produces a rapid inspiration. 

• Only one case do I find in Yirchov/'s Archiv fur path. Anatomic, B. 
II., Heft. 5, 1857, p. 413, wtere, after apoplexy, in consequence of an 
anenrisraal clot in the cerebral portion of the left carotid artery, hemiphlegia 
occurred, and where the abdominal muscles from time to time contracted 
only on the left side. Dissection exhibited not only complete softening 
of the left middle hemisphere, but also two recent extravasations of blood 
of the size of a bean ; the second somewhat smaller under the aqueduct of 
Sylvius, in the pons Varolii, and in the neighbourhood numerous small 
capillary extravasations, p. 417. Probably the latter had injured the 
longitudinal columns, near the vagus. In a diagnostic point of view also 
this may be important. 

f Helmolt's observations quite accords with this also, Ueher reflect. 
Bezieh. d. Nerv. vagus, etc., I. c, p. 30, that in central irritation of the two 
terminations of the nervus vagus reflex motions never arise in the muscles 
of the extremities. As the corpora pyramidalia are very far removed from 
the origin of the vagus and the longitudinal fasciculi accompanying it, the 
impossibility of reflex action taking place between the_ two, can be 
maintained on anatomical grounds also. 
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Lastly, I must add that, as I have shown above, from the micleus 
of the vagus, but especially lower down from the accessory, trans- 
verse filaments, forming a commissure, run behind the central canal 
to the nucleus of the other side. This commissure unites, particularly 
ia the lower sections where it is stronger, not only the two nuclei of the 
accessory, but also the longitudinal columns, where these deviate 
more and more to the side, and pass into the lateral tracts of the 
spinal cord.* This commissure is here, just as] is the case with the 
facial nerve, very strong, it even exceeds that of the facial. As to 
its fanction, it appears that, as we have seen above, most branches 
of the facial work bUateraUy, as is probably, in a still greater degree, 
true of the accessory which moves the muscles of the larynx and 
pharynx, and perhaps, with the exception of its branch to the 
trapezius, acts bilaterally in all its ramifications. Such an influence 
would quite accord with the greater breadth of its posterior com- 
missure, connecting the two nuclei, and would be necessary for the 
bilateral action of the muscles of the larynx in giving a single sound, 
or in the production of the voice. 

In like manner, the commissure between the nuclei of the vagus. 
Fig. 1, e, d, B, and the longitudinal columns for respiration. Kg. 2. A, 
m, d, appears invariably to convey the stimulation of one nucleus, 
and of one lateral column of the medulla to those of the other side. 
Thus, a bUateral action, which is-so necessary in respiration, and in 
the production of abdominal pressure, is ensured. The decussation 
of these in the middle line is perhaps the cause why a central 
puncture or wound, whereby this connexion is broken, arrests respira- 
tion, and is immediately fatal (Flourens' Point vital), as then the 
connexion between the above two points is severed. 

* Fig. 2, d, m, I, a, h. 
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CHAPTER YIII. 

ON THE PAKTS IN THE MEDULLA OBLONGATA WHICH CO-OPEEATE 
IN DEGLUTITION. * 

As we have seen in the preceding chapter, how movements, more 
or less complex, are excited in different nerves of the medulla ob- 
longata by means of auxiliary gangha, a function remains to be 
examined, which, on account of its complexity, and of the various 
nerves cooperating in it, well deserves separate consideration. I 
allude to the process of deglutition. As the hypoglossus is the chief 
agent in swallowing, we might regard as the central organ, the 
corpora olivaria inf eriora, which, as we have found, are intimately con- 
nected vidth that nerve, and, in animals at least, cannot serve for thp 
articulation of the voice. But in my opinion, this question is not 
so simple, and in order to obtain a clear insight into the subject, it 
is necessary first to ascertain what combinations must in this case 
be effected, after which, we can examine whether in the structure of 
the medulla oblongata arrangements are to be found, by which these 
several combinations may be harmonized. 

Swallowing is certainly a very complicated process, requiring the 
cooperation, not only of a great number of very different muscles, 
but of several whoUy different nerves, and this simultaneously, at the 
same moment. 

I shall not here enter into a detailed consideration of the mecha- 
nism of deglutition, nor of the muscles which take a part in it, as I 
suppose this process to be understood ; it .wiU suffice, if we first 
examine what nerves engaged in swallowing are excited by a 
common and simultaneous impression. 

That in the first place the action of the tongue is required in 
swallowing, in order to push the food against the palate backward 
into the throat, and that at the moment of swallowing the root of 
the tongue is particularly active, is well known. All parts of the 
tongue are not, however, equally engaged in this operation, and thus 
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for example, a partial paralysis of that organ may exist, by 'whicli 
speecL. may be impaired, without deglutition being impeded.* 

In like manner, cases are on record where, from a central cause, 
swallowing was obstructed without speech being itnpaired.f 

Hence it appears, that in the articulation of words a different 
point of union serves for the combination of muscular movements, 
which may be destroyed, while other movements of the tongue, as 
those occurring in swallowing, continue unimpaired; consequently 
the central seat of these two actions must be different. 

This wiU be sufficiently evident on an examination of the several 
nerves, which must cooperate in swallowing, most of which remain 
inactive in the articulation of words. 

In the first place, we here again meet the hypoglossal nerve, both 
in its action on the posterior part of the tongue, and also principally on 
the muscles, which at the moment of swallowing raise the os hyoides, 
and with it the larynx; in which movements totally different nerve- 
fibres must act from those engaged in speech. 

But this nerve, by its simultaneous action on the tongue, and on 
the muscles of the larynx, occupies a first place also among the nerves 
which must cooperate in deglutition. 

Furthermore, we must add the accessory of WiUis, which besides 
the muscles of the larynx closing the glottis, also moves the con- 
strictors of the pharynx f with the soft palate, both of which act in 
swallowing. § 

Lastly, it is even said, that some filaments of the glosso-pharyngeal 

* Of this we have an example in the case of the girl, where the articu- 
lation of words was absent, while swallowing was unimpaired (p. 149'). 
DifBculty of speech often occurs after apoplexy without lesion of swallow- 
ing. Thus in the case above quoted from Lallemand, Letter 1, Obs. 4, pp. 
19 et seq., in which speech was in the highest degree impaired, and the 
tongue when protruded inclined to one side, although all the other motions 
of the organ were very free, no mention is made of any difficulty in 
swallowing, which would not have been passed over in a report of the 
symptoms which is in other respects accurate. 

t See among others Olivier, Traiti des Maladies,t. II., Obs. 112, p. 319, 
and Obs. 127, p. 400. 

X Longet saw the most distinct movements in the muscles of the larynx, 
pharynx, and upper part of the oesophagus follow galvanic irritation of 
the accessory. Anat. et Physiol, du Syst. Iferv., t. II., p. 265. 

§ J. A. Heine saw motions of the palate on irritation of the vagus as 
well as of the accessory. See MiiUer, Arch.f. Physiol, 1844, pp. 336 et seq. 
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may participate in this process; as it appears to possess motor- 
filaments, whicli cooperate in the movements of the palate.* 

During swallowiag, therefore, some filaments of the hypoglossus 
and accessory, and perhaps, also, of the glosso-pharyngeal, if its 
motor-root acts in deglutition, which however is not probable, must 
be excited on both sides to a simultaneous and uniform action almost 
in a moment ; thus rendering necessary the supposition of a partial 
connexion of all these filaments in one or more coherent central 
points. 

Now, it is weU known, that swallowing is a reflex action, produced 
by a stimulus operating behind the tongue and against the palate. 
Even the will appears to accomplish swallowing only indirectly. Thus 
we can indeed swallow when we choose, but we cannot make 
the act of deglutition itself slower or more rapid. Swallowing, 
as is absolutely necessary on account of the impediment it offers to 
respiration, always takes place very quickly, and within a definite 
time, and herein this action differs from all other voluntary move- 
ments of the body, which we can perform at will more quickly or 
more slowly. Deglutition is therefore a reflex action joar excellence ; 
so that even our will iu it appears not to act directly on different 
nervous centres, but as in involuntary swallowing, to operate by its 
impression or stimulus on that part whence the compound reflex 
action for deglutition proceeds. 

If, however, a stimulus acts in the throat or on the palate, or on 
the posterior part of the tongue, we are compelled to swallow, and 
cannot restrain the act. Deglutition is therefore quite involuntary, 
and is produced by reflex action occurring on the application of a 
stimulus ; a combined bilateral action ensuing of all the muscles 
which cooperate in swallowing. 

• VoUonan and Miiller, Archiv, 1840, p. 489. Heine confirms the same. 
Miiller, Archiv, 1844, p. 333, and lastly, this appears to be reduced to 
certainty by Biffi and Morganti. Miiller, Archiv, 1847, p. 357. They 
assume a distinct root of motor fibres in the glosso-pharyngeal, which 
is said to serve for these movements of the palate, rendering this a mixed 
nerve, just like the spinal nerves. 

It is, however, not very easy to trace such a distinct root, which must 
necessarily be very slender, in its course through the meduUa oblongata ; 
although it must in that case certainly have a separate origin, as ganglionic 
groups for sensation cannot at the same time serve for motion, as is indi- 
cated also by the different situations of the two classes of cells in the 
meduUa oblongata. 
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If we now arrange synoptically these complicated actions, we shall 
find that there mnst be present in the medulla oblongata filaments 
or nerve-fibres whereby : — 

1. The applied stimulus, whether directly, or indirectly by way 
of reflexion, is conveyed to some common centre or point of 
action, whence the simultaneous combinations of muscular action 
may be excited as from a single point. 

2. There must exist fibres or routes, by which these excitements 
of the central organ of deglutition may be conveyed to the several 
nerve-nuclei which, ui swallowing, enter into action in the various 
nerves. 

3. Kbres, which, as conductors of the orders of our wiU, may act 
on these same central organs, and so, by this volvmtary route, excite 
an involuntary reflex act, such as swallowing.* 

4. Pibres, to connect these central organs bilaterally, rendering 
this reflex action during swallowing invariably bilateral, simultaneous 
and uniform, 

I shall now proceed to inquire, whether it is possible, in the 
labyrinth of fibres, which are so diversely interwoven through 
the medulla oblongata, to discover these definite paths. . In this I 
shall follow the course which I have endeavoured, by the careful 
examination of physiological phenomena, to borrow from nature. 

I. An irritation applied behind the tongue or against the palate, is 
conveyed to the central points for the act of swallowing. 

There are two ways whereby this might take place; namely, 
through filaments of the glosso-pharyngeal nerve, which, as is well 

* It is evidently necessary that these routes for the transmission of the 
orders of our will, and of the irritation applied to the tongue, should be 
different ; and that such is the case is proved by pathological observations. 

Thus Romberg relates a very remarkable case, where, with complete 
paralysis of the tongue, swallowing still resulted, if the food was brought be- 
hind into the throat or pharynx, aU the necessary motions of the tongue 
being accomplished at the moment of deglutition. On dissection, a cyst was 
found at the right side of the anterior lobe of the brain, with inflammation 
of the septum lucidum. Unfortunately, no attention seems to have been 
given to the medulla oblongata, as no mention is made of lesions in its 
tissue. See Romberg, Lehrhuch der Nervenhranlcheiten, 1846, 1 B., 3 Abth., 
pp. 658 et seq. The impression of the wiU from the brain was therefore 
disturbed ; that by reflex action had continued. 

The case communicated by Dr. A. Stich, is not less remarkable, in which 
the reverse seemed to obtain. Here perfect anaesthesia of the trigeminal 
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known, is distributed to the posterior pari; of the tongue, and which 
also gives some branches to the soft palate and the pharynx. 

Or through filaments of the trigeminus, which, through the 
pterygo-palatine nerve, gives sensation to the soft palate, and 
through the lingual nerve to the tongue. Even the upper part of 
the pharynx appears to receive branches from the pterygo-palatine 
nerve.* 

As concerns the first of these routes, through the glosso-pharyn- 
geal, it would seem that, as this nerve distributes its gustatory 
branches chiefly on the posterior part of the tongue, it should con- 
tain also the reflex nerves for deglutition ; the more so as, according 
to Longet, after cutting through the lingual branch of the fifth pair, 
a degree of sensation still remains at the base of the tongue ; which 
he, however, is inclined to attribute to some accompanying cervical 
filaments of the hypoglossus.f This latter hypothesis appears to me 
to be very improbable. 

Bowman observed, in insensibility of the trigeminus, that taste 
was completely lost in the anterior and middle parts of the tongue ; 
but was unimpaired in the posterior part. He does not state whether, 

and glosso-pharyngeal nerves existed, completely depriving the patient of 
all taste and sensation in the tongue ; and nevertheless, swallowing was 
quite normally performed, although it was not possible by stimuli to excite 
reflex movements from the trigeminus or glosso-pharyngeal. The writer 
caused a piece of sponge, fastened to a thread, to be swallowed, but I 
think it is doubtful, whether in this experiment he made a sufScient dis- 
tinction between sensitive and reflex filaments. As, however, a sponge, 
fastened to a piece of whalebone and thrust into the throat, excited no 
vomiting, but contraction of the constrictors, it would seem necess&ry te 
suppose that the reflex filaments of the glosso-pharyngeal or vagus in the 
pharynx were destroyed, or at least inactive, and that thus only the route 
by which the action of the will was conveyed to the centres of deglutition 
remained . It is to be regretted that this important case and its phenomena 
have not been more distinctly and more definitely given. See Annalen des 
ChariU Krankenhauses, 7 Jahrg., 1 Heft., 1856, pp. 168 et seq. In this 
instance, therefore, reflex action seemed to have been annihilated, while 
the impression of the wUl was preserved. 

• A. C. Bock, Nachtrag zu der Beschreibung der 5 Hirnnerven, PL V., 
Fig. 4, N. 54. 

t Anat. et Phys. du Syst. Nerv-, t. II., p. 174, et la Physiol., p. 297. In 
a case of paralysis of the trigeminus, observed by Herbert Mayo, the base 
of the tongue was still sensitive, and a probang, passed into the throat, 
produced vomiting, even when the instrument touched only the insensible 
side. Magendie, Journal de Physiol., t. III., p. 358. 
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in this case, insensitHity existed also to mechanical irritants on the 
back part of the tongue.* 

Bowman states, after Eeid, that section of the glosso-pharyngeal 
nerve is not only painfcd, but also that if the trunk of the nerve was 
cut through a short way below its exit from the cranium, and the 
end was irritated, extensive movements were produced in the 
throat and the lower part of the face ; whence he infers, that the 
irritation was conveyed by reflexion to the vagus and facial nerves. 
On the contrary, if, in an animal just killed, provided the filaments 
were sufficiently isolated from the pharyngeal branches of the vagus, 
the glosso-pharyngeal was centrifugally irritated, no movements were 
developed, — showing that the glosso-pharyngeal is a nerve capable 
of exciting movements by reflexion.f 

Longet, on the contrary, saw movements take place in the pharynx, 
if he irritated centrifugally or periphericaUy the pharyngeal branches of 
the glosso-pharyngeal ;f while he regards the pharyngeal branches of 
the vagus as reflex filaments. § I shall not go further into this con- 
troversy, but only observe, that much as- it may appear from the 
above, that the branches of the glosso-pharyngeal nerve to the 
tongue are the routes whereby the reflex irritation repairs to the 
centre for deglutition,— this view cannot be adopted, as it is shown 
by Panizza, and confirmed by others, as by StanniuSj|| that when 
the two glosso-pharyngeal nerves are cut through, swallowing is per- 
formed in a dog, in every respect, as perfectly as in the sound state.lf 
Bowman likewise remarks this, and says that other fibres must be pre- 
sent, adapted to convey stimulation to the pharynx by reflexion, as, 
after cutting through both glosso-pharyngeal ,nerves, swallowing is 
not impeded.** 

The glosso-pharyngeal nerve, accordingly, cannot be the route by 

• Physiol. Anatom., Part II., pp. 444 et seq. Since, as we have above 
seen, the trunk of the glosso-pharyngeal nerve passes through the middle 
of the root of the trigeminus in the medulla oblongata, fibres of both may 
here perhaps commingle and form a nerve; so that the sensation of 
taste may belong to some branches of the fifth and sensation proper to 
others of the glosso-pharyngeal, which is perhaps the simplest mode of 
reconciling or explaining this as yet undecided controversy. 

t I. v., Part III., p. 117. X Longet, Physiol., p. 392. 

§ I.C., Physiol, p. 308. || Miiller, Archiv, 1848, p. 137. 

If C. Schneeman, Versuche ueher die Verrichtungen der Nerven, Erlangen, 
1836, p. 43, wherein the experiments of Panizza on taste are given. 

*• Physiol. Anat., Part III,, pp. 117 et seq. 

o2 
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nhich stimulation is conveyed by reflexion to tlie central point for 



This being once estabHsbed, there remains only the nervns tngemi- 
nns, wHcb we have already found to be, ipar excellence, a reflex nerve, 
as the route by which the reflex stimulation for deglutition shall be 
' conveyed. The question is only, by what branches of the trigemi- 
nus is this accompKshed? Involuntary deglutition ensues, when 
the food is passed into the back of the moiith and comes in contact 
with the root of the tongue, the arches of the palate, and the palate 
itself. 

We might, therefore, suppose, that in the hngual nerves, as 
sensitive nerves of the tongue, reflex nerves for swallowing were 
comprised ; but in addition to the opinion previously expressed by 
Longet, that the lingual branch of the trigeminus gives absolutely 
no branches to the base of the tongue,* this hypothesis is completely 
refuted by the experiments of Panizza,t who shows that swallowing 
is not impeded by cutting through both Hngual branches of the 
trigemiQus. 

There remain, however, other branches of the trigeminus, namely, 
the palatine ramiflcations of the second twig of the fifth pair, which 
also gives off the nasal nerves, whereby sensation in the nose, and 
consequently sneezing is excited ; whence it appears, that this branch 
too is connected vrith the vagus and accessory nerves. It would 
seem, therefore, that in this nerve-branch are also to be sought 
the reflex filaments which occasion swallowing, and indeed, these 
appear to be situated less in the root of the tongue itself than in 
the palate and its piUars, against which the food is pressed by the 
tongue, causing the stimulus to swallowing. 

This is confirmed chiefly by an experiment of Magistel, on a 
dog, commimicated by Schneeman, in which, although the two 
lingual nerves of the trigeminus were cut through, the animal stfll 
made the motions of swallowing, if a little alcohol was applied with a 
brush to his palate.f After cutting through the hypoglossi, however, 
swallowing was of course prevented by the paralysis of the tongue. § 

* Longet, Physiologie, p. 298. 

f Sclineeman, Versuehe, 8;c., p. 44. Stannius, too, says expressly, that in 
his experiments, after cutting through both lingual nerves, no movement 
had ceased, and that the animals drank milk ; consequently, still swallowed. 
Miiller, Archiv, 1838, p. 136. t Schneeman, Versuehe, I. v., p. 96. 

§ Schneeman, I. c., p. 33. 
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I have already remarked, that the nervus trigeminus may, par 
excellence, be denominated a nerve of both sensation and reflexion. 
In accordance herewith the root of this nerve follows such an 
obHquely downward direction, through the medulla oblongata, that 
in its course it passes all the other nerve-roots from the .medulla, 
with which it produces reflex phenomena, and terminates on a level 
with the inferior part of the corpora olivaria, or of the roots of the 
hypoglossus. Accordingly, therefore, as the stimulus is applied to 
one or other branch, a different reflex action, or none, is excited, 
sneezing being apparently produced through the nasal ramifications 
of the second branch of the fifth nerve, and swallowing through the 
palatine ramifications of the same branch. 

Thus we can also explain, how ia the above-described case by 
Stich,* with complete ansesthesia of the fifth pair, involuntary 
deglutition, that is by refiex action of the fifth, was impeded; 
although voluntary swallowing by direct influence of the will on this 
part of the corpora olivaria remained. 

2. Can we exhibit fibres, passing from the fifth pair to a central 
organ for reflex action, whence the act of swallowing should be 
capable of extending bilaterally ? 

If we make transverse sections of the medulla oblongata from 
above the insertion of the glosso-pharyngeal nerve to the inferior 
roots of the hypoglossus, we see everywhere the roots of the fifth 
nerve, and hence, just as from the corpus restiforme, an exceedingly 
great number of fibres arciformes radiating through the corpora 
olivaria, and further passing through the raphe to the other 
side.t 

These transverse fibres are large, and most numerous on a level 
with the hypoglossal and accessory nerves ; the greater number appear 
to perforate the corpora olivaria, others seem to be lost in the latter. 
This is particularly observable in the corpora olivaria inferiora in 
animals, which seem specially to comprise the centres for the reflex 
movement of swallowing. { Indeed, these corpora olivaria infeiiora 
appear to be connected only with the hypoglossus, and partially with 
the accessory; since, as we have seen above, they are situated on a 

* See above, p. 193, note, 

t Fig. 1, D, n, I, q, g, r. See also Stilling, Medulla Oblongata, PL V. and 
VL, the corpus restiforme n, and before it the trunk of the fifth nerve, 
whence arciform fibres e, i, u, q, pass to the corpus cUiare. 

I Fig. 12, I. i., K. 
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level with tlie roots of the hypoglossus, and are confined exactly 
within the boimds of this nerve.* 

This is likewise the case even in birds, although in them the 
ganglionic groups, occurring in the situation of the corpora olivaria 
inferiora, but which are also interlaced by numerous transverse fila- 
ments from the root of the trigeminus, are simple. The less 
complexity of these ganglionic groups is also proportionate to the 
greater simplicity of the mode in. which swallowing is accomphshed 
in these animals, a much smaller number of muscles cooperating in 
the process, which in birds consists merely in the pushing forward 
and closiug of the rima glottidis. 

Now, as these corpora olivaria inferiora, from their situation at 
the inside of the hypoglossus, behind the corpora pyramidaha, 
exactly correspond to the additamentary nuclei or accessory corpora 
olivaria, occurring in man in the same place,t but are not, as has 
been incorrectly supposed, everywhere distinct from the corpus 
oHvare, and as these accessory nuclei entirely agree in structure 
with the corpora ohvaria inferiora in animals, being like them, per- 
forated by numerous transverse fibres ; we might'suppose, that in man 
these internal accessory nuclei should likewise be regarded as reflex 
centres for deglutition. The only difficulty in such a view is, that 
the corpora olivaria inferiora in animals consist of three groups 
situated close to, and more or less connected with one another,^ 
while in man they are more simple, although in some places they 
occupy a considerable extent. The correspondence of situation, how- 
ever, and similarity of the nerve-connections, make this supposition 
not improbable. 

We have further seen, that fibres must also arise from these 
central organs of swallowing, connecting the latter with the nuclei of 
the nerves which act in deglutition. 

• As the glosso-pharyngeal nerve in animals is situated mucli higher 
than the corpora olivaria inferiora (see Figs. 8 and 10, b, b, g), it would 
appear that this nerve does not contribute to deglutition. 

t Fig. 1, Stilling, Medulla Oblongata, PI. V., VI., c. Lenhossek represents 
several so-called additamentary corpora olivaria or accessory nuclei, PI. 
II., Fig. 1, h, i, h, k ; but he confounds with these several ganglionic 
groups, which, in my opinion, do not belong to them, as they consist of 
larger ganglionic cells ; which from his mode of making the preparations 
transparent, he could not observe with sufficient accuracy. The most in- 
ternal alone should I refer to the coi-pora olivaria. 

: Fig. 12, k, b. 



INFLUENCE OF THE WILL. 199 

And such we find to be in fact the case ; for, from these inner 
corpora olivaria, as well as from the large corpora oKyaria in man, 
as also from the corpora olivaria inferiora in animals, a number of 
central or radiating fibres pass especially to the nuclei of the hypo- 
glossal and accessory nerves,* which are closely coimected with the 
first. 

These radiating fibres between the hypoglossal nucleus and the 
corpora olivaria are, however, not equally distinct in aU sections, in 
some places they occur in greater number, in others less distinctly, 
as StiOing,t without knowing the use of these fibres, so correctly 
represented. They, accordingly, appear to be connected only with 
some parts of the hypoglossal nucleus ; an arrangement which seems 
to correspond to the action of the nerve in swallowing, for in this 
process a great part, but not the whole nerve acts, the sternohyoid 
and thyroid muscles, for example, and also the genio-glossal, so far 
as relates to the protusion of the tongue, continuing inactive. 

The mouth also, or rather the jaw, is closed during swallowing by 
the masticating muscles, in order to give a firm point of support. 
We might, hence, suppose that the motor root of the trigeminus 
should be simultaneously affected by reflexion from the corpora 
olivaria. As, however, this root is in animals situated much higher 
than the corpora olivaria inferiora, such a connexion appears to 
be doubtful. We can, however, imagine, that in this reflex irritation 
of the fifth nerve the stimulus may be conveyed immediately from 
the sensitive to the motor root, while the nuclei of the motor root of 
the trigeminus are situated so near one another at the raphe, and 
appear to be connected with one another by so many filaments, J that 
they may be capable of always acting bilaterally, independently of 
the cooperation of the corpora olivaria. 

3. That, as the third requisite, the central organs for swallowing 
must also be accessible to the orders of our wiU needs no formal 
proof, because we have already seen that the medulla oblongata con- 
sists chiefly of longitudinal fibres, which, derived from the brain, 
betate themselves to the several nuclei of the medulla oblongata, 

• Fig. 1, i,p. Stilling, Medulla Oblongata, PI. V. r, d, g, of the iaternal 
corpora olivaria. My Fig. 12, Ic, d, from the corpora olivaria inferiora in 
a cat. 

t Stilling, Medulla Oblongata, PL V., r, d, g, compared with PI. VI. r, 
where they, as in my Fig. 1, appear to be almost wanting. 

X StiUmg, Pons Varolii, PL XV., t. If, (f, a'. 
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and, consequently, also to the corpora olivaria. These last may, there- 
fore, be regarded as conductors of the orders of our will in voluntary 
deglutition, and if the trigeminus be destroyed, and reflex action 
consequently intercepted, voluntary swallowing is still possible. 

Thus we can understand why voluntary deglutition is, neverthe- 
less, always a reflex action ; as it appears, that in it our will does 
not act directly on the nuclei of the nerves themselves, but on the 
corpora olivaria ; whence the action is then reflected to the nuclei, 
bringing into play simultaneously and uniformly, the muscular 
groups which conjointly perform the act of swallowing. 

4. In like manner, the reason is self-evident why the act of swal- 
lowing is always bilateral, since, as I have already shown, these 
corpora olivaria are most intimately connected, by means of trans- 
verse fibres, at either side of the raphe. I therefore feel that what I 
have advanced is sufficient to leave very little doubt as to the whole 
mechanism of the bilateral reflex action of the nerves in degluti- 
tion. 

I may sum up the principal points of the foregoing in the 
following propositions: — 



A. Gf the Medulla Ollongata, 

1. In the medulla oblongata a perfectly unique organization com- 
mences. The nuclei or ganglionic groups whence the nerves arise 
are here more distinct from one another. The nuclei for motion, as 
those of the hypoglossus, the accessory, facial, and the smaU. branch 
of the trigeminus, lie near the raphe or septum ; the nucleus of the ab- 
ducent is still uncertain ; the nuclei for the nerves of sensation, which 
are first distinctly seen in the medulla oblongata, as the portio ma- 
jor trigemini, the vagus, glosso-pharyngeus and auditory, lie more 
to the outside, and further removed from the raphe. In addition, 
auxiliary ganglia or accessory nuclei, each of which has its own 
function, occur in the medulla oblongata. 

3. Of the spinal cord, only the anterior columns pass, in the cor- 
pora pyramidalia, as conductors of the orders of our will for the 
movement of the extremities, upwards towards the brain. The 
lateral columns of the cord terminate on a level with the vagus, 
which is intimately connected with, and exercises a reflex action on 
them. Consequently, in hemiplegia we never have paralysis of the 
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half of the trunk, but only of the face, the tongue and the extremi- 
ties. 

3. At the inferior boundary of the medulla oblongata, and above 
the termination of the lateral columns just mentioned, a new system 
of fibres begins in the medulla oblongata, descending from the brain 
(the thalami, and especially the corpora striata), and here dividing into 
an infinite number of fine longitudinal bundles, separated by trans- 
verse fibres. These longitudinal bundles, at least for the most part, 
curve, to penetrate into the raphe, to decussate there, and so to 
pass over into the nuclei of the nerves of the opposite side, as 
conductors of the orders of our will, or for the communication of the 
impression of sensation to the brain. The accessory ganglia also 
receive the conducting filaments by which they communicate with the 
brain, from the same fasciculi. 

4. The nerves of the medulla oblongata do not participate in the 
decussation of the corpora pyramidalia, as they are situated higher 
up. They themselves do not decussate; but in the manner de- 
scribed in the preceding paragraph, the conductors of the orders of 
our will decussate here also, as in the corpora pyramidalia for the 
movement of the extremities. In the medulla oblongata the decus- 
sation is in the situation of the nucleus ; for the nerves of the ex- 
tremities it is situated above the nuclei, in the known decussation of 
the corpora pyramidalia ; in both parts there is, therefore, perfect 
correspondence. In like manner, filaments arise from the nuclei 
of the sensitive nerves, which decussate, and convey the received 
impression to parts situated higher up. Now, as sensation appears 
to decussate, and the nuclei of the sensitive nerves lie on the same 
side as their termination, these nuclei cannot be the seat of the per- 
ception of sensation. 

5. Besides this, there exists in the medulla oblongata a system of 
transverse fibres {fihra arcuatae), some of which arise externally, 
surround the medulla, and pass into the raphe, while others, in part, 
arise internally from the corpora restiformia and the root of the tri- 
geminus, in part from the nuclei of the nerves, and from the corpora 
oHvaria. These transverse fibres serve to unite the two halves most 
intimately, and to produce a bilateral action so eminently character- 
istic of most nerves of the medulla oblongata, and such as occurs in 
no other part of the body, being seen in the bilateral action of the 
face, the tongue, the voice, and respiration. 
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B. Of the Nerves of the Medulla Oblongata. 

6. In, addition to the above-mentioned bilateral connexion, the 
nuclei, particularly of the facial, accessory and hypoglossal nerves, 
are in part connected from behind near the fourth ventricle, by a 
transverse commissure, which appears to increase the bilateral action 
of these nerves. 

7. Of aU the nerves, the auditory has in its central nucleus the 
largest ganglionic cells, and in it the connexion of the latter with the 
nerve-filaments, and with one another, is very easily seen. From this 
central nucleus fibres radiate in the direction of the nucleus of the 
facial nerve, probably for reflex action of the stapedius muscle and of 
the tensor tympani, and for the partly involuntary reflex movements 
in the erection of the ears in animals. 

This nucleus of the auditory nerve is also closely connected with the 
sensory root of the trigeminus, and the two nuclei of the auditory are 
intimately united by many fibrse arciformes, radiating from this point. 

The so-called roots of the auditory nerve in thE fourth ventricle 
do not serve for hearing ; but appear to be reflex filaments, which 
are connected by means of ganglionic cells with the auditory nerve, 
and in terror caused by an unexpected sound, reflect upon the whole 
muscular system, and place the body in an attitude of defence. 

8. The glosso-pharyngeal nerve has this peculiarity, that it passes 
through the middle of the great root of the trigeminus, thereby per- 
haps creating a closer connexion between nerves of taste and sensation. 

9. The abducent nerve differs from all other nerves of the medulla 
oblongata in this, that its root, instead of curving inwards to the 
raphe, bends outwards. In this way it perforates, in an outward 
direction, the fibres of the facial nerve and a portion of the facial 
nucleus. It does not, as Stilling thinks, arise from the latter, but 
merely perforates it, to pass posteriorly and superiorly to the facial 
nerve, apparently into a nucleus. 

This nucleus does not appear to be in close connexion with the raphe; 
that is, no filaments seem to run from the nucleus- to the decussation. 
Perhaps it is more or less intimately united with the higher situated 
cerebral fibres, passing to the opposite nucleus of the oculo-motor — 
an arrangement which would afford a simple explanation of the anta- 
gonism between the oculo-motor of the one side, and the intemus 
of the opposite side. 
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10. The nervus trigeminus is one of the most remarkable nerves 
of the medulla oblongata. 

While its minor portion, as a muscular nerve, finds its nucleus 
very near the raphe, the major portion perforates, in an obliquely 
descending direction, the whole medulla oblongata, to the inferior 
border of the corpora olivaria. In this course it passes all the other 
nerves of the medulla oblongata and their nuclei, and gives off fibres 
to every nerve, except the abducent ; consequently, it is connected 
with, and can act on all the other nerves and their nuclei, as the 
facial and glosso-pharyngeal, and it is particularly intimately con- 
nected with the vagus and accessory, and also with the hypoglossal 
nerves. In the same manner it is closely connected with the cor- 
pora olivaria. 

Hence the nervus trigeminus is a reflex nerve, par excellence, 
whose reflex filaments convey the impression they have received 
either directly to these different nerve-nuclei, or indirectly give it 
up again to the auxiliary ganglia. 

11. In every situation, where reflex filaments proceed from the 
root of the trigeminus to the nerve-nuclei, fresh groups of ganglionic 
cells arise ia this root. It is even probable, that in general, where 
a nerve-filament determines a special action, the latter is communi- 
cated to it through ganglionic cells. 



0. On the Auxiliary Ganglia. 

12. Several nerves of the medulla oblongata have their auxiliary 
or accessory ganglia, which endow them with peculiar and most com- 
plicated functions. 

The principal of these auxihary gangha are the corpora oHvaria. 

13. Almost all these auxiliary gangha act bilaterally, and are at 
the same time connected by special radiating fibres with the nuclei 
of the nerves on which they act. 

14. The corpora olivaria, as the largest and most important of 
the accessory gangha, are distinguished from other gangHonic groups 
by their peculiar structure and very small multi-polar ganglionic cells, 
whence fibres pass outwards and iuwards, to unite as marginal fibres, 
into fasciculi of different degrees of strength. Of these fascicuh, 
some run to the central nuclei of the nerves, and others to the raphe, 
to unite with the corpus ohvare of the opposite side. Besides these. 
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there are appendages^ or accessory corpora olivaria, which appear to 
agree with the former in stmctnre and function. 

15. The corpora olivaria are more intimately and closely connected 
with the nuclei of the hypoglossus, than with the nucleus of any 
other nerve. This connexion is accomplished' by a special tract 
passing out from the hilus of the corpus olivare, and terminating in 
the nucleus of the hypoglossus. The corpora olivaria are also united 
by other fibres with the nuclei of the accessory nerve. Besides these 
connexions, the upper part of the corpus olivare is further united 
with the nucleus of the facial nerve. 

16. Through these connexions, the corpus olivare seems to serve 
as an auxiliary ganglion for the hypoglossal and accessory nerves, 
for the purpose of regulating the innumerable combinations of move- 
ments of the tongue, which, as appears from pathological observa- 
tions, take place in the articulation of the voice during speech, and 
in deglutition. AU, these movements require a bilateral action, 
which appears to be effected through the corpora olivaria. 

17. In animals, the corpora olivaria are smaller ; in apes, although 
smaller, they correspond to those in man. 

In the lower orders, where the medulla oblongata is prolonged, 
the corpora olivaria are separated into two divisions on each side, 
of which the superior, situated somewhat more outwardly, are on a 
level, and intimately connected with the nucleus of the facial nerve ; 
whilst the inferior, standing on a level, and united with the nucleus 
of the hypoglossus, approach nearer to the raphe. 

18. The superior corpora olivaria are most strongly developed in 
the camivora; they are somewhat smaller in the rodentia, stiU 
smaller in the herbivora, and particularly small in the ass. 

They therefore stand in a direct relation to the reflex action of 
the facial nerve, which, as expressive of the passions, acts much more 
strongly in the camivora than in the herbivora, and particularly 
slightly in the ass. 

They consequently appear to be organs for the involuntary or 
reflex expressions of the- passions. 

19. The inferior corpora olivaria are of the same size and extent 
in aU animals which I have examined, and do not exhibit the variety 
in convolutions and circumference presented by the superior ; they 
are strictly limited within the roots of the hypoglossus, and, there- 
fore, serve as auxiliary ganglia in deglutition, which is performed in 
the same manner in all these animals. 
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20. In man, these divisions are unitedj and it would appear that 
different parts of the corpora olivaria exercise different functions, ac- 
cording to the nerves with whose nuclei they axe connected by 
radiating fibres, for these several functions, as expression, articula- 
tion of the voice, and swallowing, may be separately lost in disease. 

21. In birds, too, the corpora olivaria are very small, both the 
superior, which are connected with the facial nerve, and the iixferior, 
wliich are connected with the hypoglossal nerve. 

They have likewise a simple structure, and consist of gangHonic 
cells of a larger kind, which are, however, situated in the same places 
as in the lower mammaUa. 

The transition of corpora oHvaria with minute gangHonic cells 
into portions which exhibit larger cells, is very well seen in the horse. 

In birds, also, the superior corpora olivaria seem to serve for the 
movement of the feathers on the head and neck in passion ; the in- 
ferior, for swallowing. 

22. Besides these corpora olivaria, another group of larger gan- 
glionic cells occurs also in man and animals as auxiliary gangha, on 
a level with the facial nerve, being very closely connected on the 
one side with the nucleus of the facial nerve, and on the other with 
the root of the trigeminus. This group appears to serve for the reflex 
action of the trigeminus, in winking of the eyehds, which, as is well 
known, depends especially on irritation of the fifth pair. 

It is remarkable, that this group of gangKonic cells is equally ex- 
tensive in birds, which seems to be connected with the strong 
movement of the membrana nictitans. 

This group does not appear always to act bilaterally. 

23. The connexion of the nervus vagus and its nucleus with a 
bundle of longitudinal fibres, which is situated on its outside, and 
appears to constitute the upper part or summit of the lateral columns 
of the spinal cord, is of great importance. Erom the nervns vagus 
fibres pass into this longitudinal fasciculus, where again gangHonic 
cells are situated at the seat of transition. 

This connexion appears to be subservient to respiration. 

Hence it follows, that a very strong centripetally acting stimulus 
to the vagus, brings all the muscles of the chest and abdomen into a 
state of tension. One not so strong seems to act, in the first place, 
by means of these longitudinal fasciculi on the phrenic nerve and the 
muscles of inspiration, causing the descent of the diaphragm and the 
enlargement of the chest. 
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As the lateral columns act on the muscles of the trunk, these irri- 
tations of the vagus are not followed by convulsions in the extremities, 
nor have we, in hemiplegia, paralysis of one half of the trunk. 

In birds, this combination appears likewise to be present. 

24. Both longitudinal columns are connected with one another, 
as well posteriorly at the fourth ventricle, as anteriorly by transverse 
fibres or commissures and fibrse arciformes through the raphe, ren- 
dering respiration bilateral. 

A puncture or wound in the middle Hue or raphe, destroys this 
connexion in action, respiration ceases, and death is instantaneous. 

25. Besides these, there are also proper marginal fibres, which 
run parallel with the conductors of the orders of our wiU round the 
hypoglossal and accessory nuclei, and in the same manner decussate, 
and then curve upwards ; they terminate in the lateral longitudinal 
columns, with which they appear to be connected by multi-polar 
ganglionic cells. Through these fibres, our will acts on the lateral 
columns of the spinal cord, and so on the respiratory organs. 

26. With these longitudinal columns, and especially with the 
nucleus of the vagus, the great root of the trigeminus enters into 
very intimate connexion, so that in some places they seem to be 
coherent. This state of things is apparently closely related to the 
known reflex action of the trigeminus on respiration, exemplified in 
sneeziag, &c. 

27. Swallowing, when voluntarily excited, is also a reflex action, 
which is always accomplished with rapidity, but is very compHcated. 

The exciting stimulus appears to proceed chiefly from the second 
branch of the trigeminus, namely, the palatine nerve ; for division 
of the lingual or glosso-pharyngeal nerve does not prevent swallow- 
ing. But the irritation seems to be conveyed to the corpora oUvaria 
inferiora in animals, and to the corresponding parts in man, whence 
it is reflected on the hypoglossal and accessory nerves, with which 
these corpora olivaria are closely connected, and through which the 
act of deglutition is occasioned by the simultaneous excitation of 
many muscles into bilateral action. 

Perhaps, also, the small root of the trigeminus, by closing the 
mouth, participates in the act. 

28. The nuclei of the glosso-pharyngeal also appear to be united 
with an auxiliary ganglion similar to that of the facial nerve, which 
auxiliary ganglion is also closely connected with the trigeminus. 
With its action I am unacquainted. 
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SECOND PART. 



CHAPTEE I. 

PATHOLOGIOAIi INVESTIGATION OF THE MEDDLLA OBLONGATA IN 
GENEEAL, AND ESPECIALLY OF THE PROXIMATE CAUSE AND 
RATIONAL TREATMENT OF EPILEPSY. 

It is now many years since my investigations led me to tlie 
notion^ that the proximate cause, and as it were the starting-poiat 
of epilepsy and of convulsions, was to be soiight in the meduUa 
oblongata. In accordance with this view, I conclude my essay on 
the spinal cord, published in 1854, in the following words : — 

" The medulla oblongata is the principal centre, whence the more 
general reflex movements and convulsions derive their origin, I 
have for years been accustomed to seek in it the starting point of 
epileptic attacks, and consider that to it the physician should direct 
his special attention. Even though the primary irritation may be 
remote, for example, in the. intestiaeg, a morbidly elevated sensi- 
bility and irritation in the medulla oblongata always form the 
foundation of such attacks, and render the organ in. question more 
capable of, as it were, discharging itself in involuntary reflex move- 
ments. 

" An accurate examination of the minute structure of the medulla 
oblongata, and especially of the pathological changes produced in it 
by epilepsy of long standing, which I have often observed under the 
form of hardening, yet in reference to which, no microscopic investi- 
gations have been made, may still throw much Hght upon the subject. 
I have not yet had opportunity to put in execution these investigations, 
to which I was anxious to direct the attention of physicians, 

" In this way alone wiU. it be possible to escape from the 
unhappily rude and empirical treatment, which is still so commonly 
prevalent in reference to epilepsy, and of which I have witnessed so 
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many sad examples. A rational system of treatment of this obstinate 
disease can be based only upon a better acquaintance with the func- 
tions of the medulla spinalis, and especially of the medulla oblongata, 
whence we must endeavour to trace more accurately the nature and 
essence of the disease."* 

Impelled by the •wish, to contribute my share in the solution of 
this diflicult question, for the advantage of so many unhappy beings, I 
felt it my duty to apply myself diligently to the work. I have now 
examined microscopically the medttUa oblongata in not less than 
fourteen epileptic patients ; and in this essay I have endeavoured, as 
far as possible, to explain the structure and physiological action of 
this part. Lastly, I have endeavoured to apply the increased know- 
ledge thus obtained^ in the more accurate investigation of the nature 
of epilepsy, and have communicated the results of my microscopic 
investigations on the subject, in order, if possible, to establish our 
knowledge of this miserable disease on a more solid and rational 



If we briefly review what has been said with respect to the me- 
dulla oblongata, I think it wiU clearly appear from my remarks and 
investigations, that this important part is characterized by a great 
peculiarity of structure and function which remarkably distinguish 
it, both from the brain and from the spinal cord. 

In the first place, the medulla oblongata differs from the brain and 
spinal cord principally in this, that its halves are so closely con- 
nected by an exceedingly great number of transverse fibres (fibres 
arciformes) and commissures, that a bilateral action' must be re- 
cognised as more specially peculiar to it; which action manifests 
itself also in the "functions of most of its nerves, as I have above 
stated ill detail of the facial, accessory, and hypoglossal nerves. 

In the second place, the medulla oblongata is uncommonly rich in 
different ganglionic groups or nuclei, both for sensitive and motor 
nerves, to which several auxiliary ganglia are super added, pos- 
sessing the special property of immediately exciting in the healthy 
condition, on the application of any stimulus, numerous reflex 
phenomena in different definite groups of muscles. In no other part 
.of the body do such phenomena occur ia the same degree, and they 
manifest themselves especially in the muscular movements of the 
face, the tongue and the organs of respiration. Hence, the medulla 

• Essay on the Spinal Cord, p. 80. 
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oblongata is distinguished as if par excellence by a pecuKar capa- 
bility of exciting bilateral reflex phenomena. 

If we now compare with it the brain, it is well known, that an 
effusion of blood in cerebral apoplexy produces only an unilateral 
effect, giving rise to so-called unilateral paralysis or hemiplegia. 
The same is true of the spinal cord. There also unilateral lesions or 
irritations, if they are not so violent as to give rise to general excite- 
ment, exercise only an unilateral effect upon the power of motion.* 

We cannot, therefore, by any means be surprised, that morbid 
affections and irritations of the medulla oblongata should ordinarily 
be characterised by bilateral reflex phenomena, indicating precisely 
the medulla oblongata as the starting point of these phenomena. 

Hence we understand how in the sensitive child any irritation — 
such, for example, as teething, whereby the nervus trigeminus, there- 
flex nerve, par excellence, is irritated — so easily gives rise to convul- 

* Some months after I had handed in this Essay to the Royal Academy 
of Sciences, I received, at the meeting of Natural Philosophers, at Bonn, 
through the kindness of Prof. A. Kussmaul, the Treatise published by him 
in conjunction with A. Tenner, Untersuchungen ueber Ursprung und Wesen 
der fallsuchtigen Zuchungen hei der Verblutung so wie der Fallsucht ueher- 
haupt, Frankfurt, 1857, reprinted from the Untersuchungen zur Naturlehre 
des Menschen von Moleschott. 

These writers excited epileptic attacks in rabbits by cutting off the 
current of blood to the brain, by tying or compressing the four cerebral 
arteries. They thus came nearly to the same conclusion, that the cause 
of such attacks was situated principally in the medulla oblongata ; as these 
convulsive spasms were stiU excited by keeping back the blood, after the 
cerebrum, the thalami, even to the corpora quadrigemina, and to the pons 
Varolii, were cut away, as well as after the removal of a great part of the 
cerebellum Q. c. pp. 77, 88). The cause of these convulsive movements 
cannot, therefore, be situated in these parts, but must, of course, be sought 
in the medulla oblongata {I. c. pp. 92 etseq.) ; while, if the spinal cord near 
the medulla oblongata was deprived of blood by tying the aorta, convulsive 
spasms of this kind never arose (l. c. p. 63). 

It is well known that Marshall Hall at an earlier period ascribed the 
convulsive spasms in apoplexy and epilepsy to obstructed return of venous 
blood (On the Threatening of Apoplexy and Paralysis, 8(C., by Marshall Hall. 
London, 1851, p. 30, § 122)'. This impeded return of venous blood is said 
to be the result of thespasmodic contractions of the muscles of the larynx and 
of the neck, viz., the platysma myoides, sterno-cleido-mastoid, omohyoid, 
trapezius, scaleui, and even of the subclavii, which certainly do not act injuri- 
ously, i.e. p. 3 7, § 1 5 1 e< seq. He forgets, however, to state what is the cause 
of these previous muscular contractions, which take place in the course 
and not at the first commencenMnt of the attack. 
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sions, that is, to involuntary reflex movements, in the first place, of 
the face and respiratory organs, and in a more advanced stage, of the 
trunk and extremities. 

The first action manifests itself, as has just been observed, almost 
always iu the face and the respiratory organs. If we now remember 
what we have above remarked, with respect to the obhque course of 
the root of the trigeminus in the meduUa oblongata, and to its 
reflecting powers on the facial nerve, on respiration, swallowing, &c., 
we shall not be surprised at the occurrence of these involuntary re- 
flex movements and convulsions on increased irritation of these paxts. 

If we further compare the phenomena which occur ia epilepsy, we 
shall be led to the same resrdts. 

It is well known, that the attacks of epilepsy are distinguished by 
severer or slighter fits; that is, that all the phenomena do not 
occur with equal constancy iu every seizure, but that some are often 
wanting, while others exhibit themselves more constantly, even in 
slight attacks. 

Although ill my opinion, Herpin's well-known work on Epilepsy,* 
in the great majority of points, does not deserve the high considera- 
tion which has fallen to its lot, yet the accurate description of the 
phenomena of epilepsy, and especially the division which the author 
makes into the more and less constant of these phenomena, appears 
to me to be one of the most elaborate parts of the work j of the cor- 
rectness of which description and division ample experience has 
convinced me. 

One of the principal of the more constant, in addition to the loss 
of consciousness, is a spasmodic affection of the pharynx and larynx, 
with more or less of spasms of some of the muscles of the face, so 
that even in slighter cases these are scarcely ever absent.t With 
these symptoms is usually combined greater or less disturbance of 
respiration, which, if the attack becomes more severe, increases in 
degree; on which strong convulsive movements of the face, trunk, 
and extremities rapidly follow, although in slighter attacks they 
do not appear frequently. J 

In some cases, of which I have observed several examples, no loss 

• Herpin, Du pronostic et du traitement curatifde I'EpUepsie, Paris, 1852. 

t Herpin, I. c, pp. 433 et aeq. 

I I freely admit with Marshall Hall that the muscles of the neck and 
larynx at the same time by their spasmodic contractions, compress the veins, 
and so promote venous congestion, and increase the severity of the attack. 
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of consciousness takes place; but a few contractions set in suddenly 
in the face, and spasms along tlie back, with more or less change in 
respiration, while the spasms may extend even to the extremities. 
In these cases it is only occasionally that perfect attacks of epilepsy 
with loss of consciousness occur. 

In other instances, in slight attacks, loss of consciousness alone 
takes place, without any convulsive movement. In one case which 
occurred under my own notice, a lady continued to walk about and 
follow her occupation, even to eat and drink j so that nothing unusual 
could be observed in her. But she did not answer questions put to her, 
and awoke after some moments as out of a dream, without knowing 
what had happened in the interval. Only occasionally did more com- 
plete epileptic symptoms manifest themselves. Similar loss of con- 
sciousness without convulsive movements, and even with maintenance 
of position, I have often observed, and have seen it alternate with 
true epilepsy. 

The loss of consciousness is, therefore, not a cause of epilepsy, but 
probably, as I shall show hereafter, a result of the altered circu- 
lation ia the brain, which arises in the beginning of the attack from 
the effects of spasm upon the cerebral vessels. 

Sometimes the epileptic attack begins with a shriek, on which the 
sufferer falls suddenly down. Several varieties however occur, the 
special description of which would lead us too far. 

It will be sufficient, in summing up this brief enumeration of the 
phenomena, to state, that the convulsive spasms in epilepsy affect by 
preference and in the first place those muscles whose nerves arise in 
the medulla oblongata, as the facial, accessory, hypoglossal and the 

It is chiefly the muscles moved by the accessory nerve, as the sterno- 
cleido-mastoid and trapezius, and by the hypoglossus (descending branch), 
as the platysma myoides and omohyoid, which act in this case. It is, 
however, very iacorrect to suppose, with this writer, that the vertebral 
veins are more forcibly compressed in epilepsy, and the jugulars in cerebral 
apoplexy. Let it not be forgotten, that in the commencement of the fit 
this pressure and action have not yet taken place, and that the venous 
congestion is strongest towards the end of the attack, exactly when the 
most violent phenomena again begin to disappear. Nevertheless the venous 
congestion positively increases the violence of the attack, and towards the 
end the circulation is restored through the exhaustion of the spasmodic 
action of the medulla oblongata, and of the facial, hypoglossal, and acces- 
sory nerves. This congestion, however, is not the cause of the attack. We 
can easily perceive, how much such, actions of the muscles indicate an irri- 
tated condition of the medulla oblongata. 

F 2 
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portio minor trigemini, the affection of these nerves being plainly 
manifested in the grinding motions of the jaw, or in the rigid closure 
of the mouth. The convulsive affections which occur in slighter 
cases, are limited within the sphere of these nerves. These spasms 
we may regard as constant, and as I have already observed, more or 
less violent disturbances of respiration attend them. If, however, the 
attack is more severe, the spasms are no longer confined to these 
nerves j the muscles of the chest and abdomen especially become vio- 
lently contracted, and are sometimes so rigidly fixed so as to produce 
suffocation, showing that in epilepsy the lateral columns of the spinal 
cord, which arise in the medulla oblongata and govern the movements 
of the chest and abdomen, participate with particular violence in the 
abnormal or excited action. If we now remember, that on central 
irritation of the nervi vagi, as we have above seen, a similar tetanic 
contraction of the muscles of inspiration and expiration is excited, this 
phenomenon, so common in epileptic attacks, will of itself indicate 
the medulla oblongata as the point whence the proximate irritation 
causing the convulsive movements proceeds. In this sort of attack 
the action also extends to the anterior columns, which as corpora 
pyramidalia pass through the meduUa oblongata, and thus developes 
the well known spasms of the extremities.* 

The swelling and protrusion of the tongue, the latter being usually 
more or less severely bitten by the patient during the attack (without 
his feeling it, as he is then perfectly insensible), deserve especial 
attention. In some epileptic patients, as I shall hereafter more fuUy 
show, this symptom of biting the tongue never occurs; 

We may therefore regard the more or less violent congestion of blood 
in the head, which constantly manifests itself in ordinary epileptic 
attacks, as secondary, and as the result of impeded respiration. In con- 
sequence of the spasmodic contraction of the respiratory apparatus, 
the circulation through the lungs is obstructed ; by the spasmodic 
contraction of the cervical muscles the veins are compressed 
(trachelismus of Marshall Hall) and the return of the blood from the 

• It appears to me to be still uncertain, whether we should regard these 
aflFections of the corpora pyramidalia, apparent in the convulsive movements 
of the extremities, as being cominunicated from .the medulla oblongata to 
these columns, or whether they are the result of secondary, or sometimes, 
indeed, of primary congestion and irritation of the corpora striata in the 
brain. It is sufficient that in an epileptic attack the convulsive spasms in 
the extremities do not manifest themselves as the first phenomenon j they 
are almost always preceded by the affections of the face and respiratory 
organs, however brief this interval may be in violent attacks. 
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head is impeded. The reflux of venous blood to the chest is 
meanwhile promoted by the alternate spasms of the extremities, and 
the blood so accumulated tends stilL more strongly to oppose the 
return of that from the brain. 

Towards the end of the fit the impediment to respiration com- 
mences to pass off with a deep inspiration, followed by stertorous 
breathing, during which the congestion begins to diminish, and the 
swollen veiQs of the head to contract and unload themselves. The 
internal congestion of the brain and its consequences are subse- 
quently manifested in the more or less profound sleep which follows 
every attack. 

Although in the fits of epilepsy the convulsive spasms are usually 
bilateral, both sides are not equally afiected, or, rather, the in- 
termittent convulsive movements are often stronger on the one 
side than on the other. Thus, the angle of the mouth is often drawn 
obliquely, more strongly to one side than to the other — even the eyes 
are frequently turned obliquely with slight convulsive spasms, to the 
one side; the tongue is obliquely curved in the mouth, and very 
often the patient bites one side of the tongue in each attack. The 
head is also, with constant shocks, obliquely drawn more strongly 
to the one side, through the preponderating action of one stemo- 
cleido-mastoid muscle, which, as is well known, receives also motor 
filaments from the accessory, and thus participates ia the general 
convulsive movements with which the muscles receiving their nerves 
from the medulla oblongata, are preferentially affected. The cause 
of this unequal action appears to me to lie especially in a primary 
affection of the brain, in reference to which I shall hereafter enter 
into several particulars. 

As, however, it is by no means part of my plan to digress into a 
detailed description of epilepsy and its phenomena, the foregoing 
may suffice to show, from the generally received symptoms of this 
disease, that the starting-point of the various convulsive movements 
iQ epilepsy, must be sought in the medulla oblongata. So that even 
in sHghter attacks of epilepsy, the spasmodic phenomena begin from 
this part, whence, in more violent seizures, the action excited extends 
to a greater distance over the nervous system. 

The same is true of most other convulsive affections, as eclampsia, 
chorea, in which, commonly, the muscles of the neck, head, and 
tongue are affected.* 

• Romberg, Lehr. d. Nervenkr., 1 B., 2 Abth., p. 437. 
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Thus, a contraction and obstruction of the throat is known as 
globus hystericus, which, proceeding from the accessory or vagus, 
again implies an irritated condition of the medulla oblongata. Even 
tetanus and hydrophobia we cannot separate from this organ j* 
and it is thus evident, what an important part the exalted capability 
for reflex movements possessed by the medulla oblongata when irri- 
tated plays in most nervous affections. 

Let it suffice for our object to show, that precisely in this exalted 
sensibility of the medulla oblongata lies the starting-point and source 
of spasm in epilepsy. 

* Romberg makes the important observation, that in hydrophobia the 
corpora olivaria are very highly injected, I. c, p. 528. 
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CHAPTER II. 

ON THE NAT0EB AND PEOXIMATE CAUSES OF CONVULSIVE 

MOVEMENTS. 

When we inquire what are the proximate causes of convulsive 
movements, we are at once referred to the ganglionic cells as the 
parts of the nervous system whence all action proceeds, which is 
conveyed through the nerve-filaments as conductors to the muscles. 
It is, therefore, to the ganglionic cells our attention must first be 
directed in entering on a more accurate investigation of the subject 
of the present chapter. 

These ganglionic cells, which are almost always collected in groups, 
and are mutually connected, may be compared to galvanic or electric 
batteries, which must be charged to a certain extent before the elec- 
tricity, accumulated in the Leyden jar, has acquired sufficient tension 
to discharge the flask. The discharge is in this case effected, not by 
a constant stream of fire, but by a sudden spark. Or, perhaps, a com- 
parison with the phenomena in electrical fishes is still better, where, 
likewise, a violent discharge takes place, which requires some time, 
especially where there is any exhaustion, before it can be repeated. 

There is, however, in these ganglionic cells, something peculiar, 
which is not yet fuUy explained. Thus they are connected, as I have 
formerly endeavoured to show at length,* on the one side with 
nerve-filaments, which, as conductors of the orders of our wiU, are 
derived from the brain. Through these the ganglionic cells can be 
irmnediately brought into action, and the muscle contracts almost at 
the same moment in which the orders of our will are issued. Yet 
these ganglionic cells are also connected on the other side with 
nerve-filaments, accompanying the sensitive nerves, which I have de- 
scribed as reflex nerves,t and of which, in treating of the trigeminus, 
I have brought forward a sufficient number of examples.^ Usually 
the action does not take place so quickly on stimulation through the 

* Essay on the Spinal Cord, pp. 60, 66. f ^- c, p. 66. 

J See above, pp. 136 et seq. 
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reflex filaments, and, at least when the ganglionic cells are discharged, 
some time is necessary before the reflex action manifests itself anew. 
If, however, the action has once begun, the muscular contractions 
follow rapidly, as in sneezing, swallowing, coughing, &c. The more 
irritated the condition of the cell now is, the more quickly does the 
reflex action, take place, and the slighter will be the stinnilus to the 
reflex nerves required to produce a reflex action. If the cell is 
exhausted, some time is necessary, as it were, to charge it again, 
just like an electric jar, which, if it is discharged by a spark, must 
be charged afresh, before it can again exhibit the same electrical 
phenomena. 

Now, why the orders of our will act otherwise on these ganglionic 
cells, so that we can maintain a muscle for a long time in a state of 
strong or weak tension, while, in reflex action, the power of the cell 
is exhausted as in a moment, and the action ceases for a shorter or 
longer period, we know not, and we can scarcely offer a satisfactory 
hypothesis in explanation of this point. It is enough that experience 
proves its truth, and we must therefore receive it as an unexplained 
fact, and infer, that the action of the reflex nerves on the ganghonic 
cells differs from that of the orders of our will. Perhaps the cause 
exists in the peculiar nature and. action of the reflex cells; since, if 
our will acts directly on these reflex cells, as in swallowing, the 
action, rapidly interrupted, is performed by way of discharge. 

It has, however, been clearly ascertained, that for the restoration 
of this activity, a certain quantity of arterial blood is required, on 
the effect of which on the ganglionic cells their capability of action 
depends. It is, indeed, true, that we see convulsive movements ensue 
also after loss 6i blood in haemorrhages ; but here so many causes 
cooperate to produce a change in the cell, that we are not in a state 
to foUow with sufficient accuracy the whole course of active causes 
and efi'ects in their several relations, and to watch nature everywhere 
in her hidden agencies. Quite in accordance with this, is the great 
number of blood-vessels which are present in the grey substance of the 
spinal cord and brain, in comparison with the so-called white or 
medullary matter, which is produced by the conducting filaments. 
Of this I have given several drawings in Ecker's dissertation,* aU taken 
by myself, with the greatest fidelity, from, preparations of my own. 



* Ecker, Cerebri et Med. Spin. System. Capill. Traj. ad Rhen. 1 853, also copied 
into the Nederlandsch Lancet, 1852 — 53, pp. 329 et seq. See for example, 
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Nowhere, however, have I foimd the quantity of capillajy vessels 
so great and presenting such a densely interwoven tissue, as iq the 
corpus ciliare of the corpora ohvaria.* This body, in fact, affords one 
of the most beautiful capillary networks to be met with in the system ; 
the vessels existing here ia much greater number than in the grey 
comua of the spinal cord itself, t Thus, also, I have observed that the 
other groups of ganglionic cells, occurring in the medulla oblongata, 
as those for the hypoglossus, vagus, &c., with the accessory or 
auxiliary ganglia, are uncommonly rich in blood-vessels. 

We must hence infer, that more arterial blood flows in the 
ganglionic groups of the medulla oblongata, and that thus also a 
more active metamorphosis of tissue takes place there than in the grey 
horns of the spinal cord. To the very vascular paxts belong, however, 
in addition to the grey substance of the arbor vitse in the cerebellum, { 
—with the use of which we are stiU unacquainted— the thalami,§ and 
especially the corpora striata, || which are very rich in vessels, although 
none of these parts equals in vascularity the corpora olivaria. 

It is evident that the vascularity of the ganglionic groups, and the 
quantity of arterial blood supplied to them, are directly related to the 
intensity of their action. We see this sufficiently exemplified in 
childhood, where the metamorphosis of tissue takes place more quickly, 
whilst the vascularity is also greatest, and the excitability or sensi- 
bility of the whole nervous system is so much more intense, that a 
relatively sHght irritation, as that of cutting teeth, easily produces 
convulsions, which, at a later period of life ia the most violent 
attacks of toothache or facial neuralgia, occur with extreme rarity. 

The capacity for reflex movements is thus promoted by a strong 
arterial afflux of blood, which increases the vital actions of the gang- 
lionic cells. As, however, the ganglionic groups in the medulla 
oblongata receive the most vessels, the reflex movements should also 
by preference take place here ; and this again agrees with the function, 
for example, of the corpora ohvaria, whereby such different reflex 

Fig. 1, a, mat. corticalis cerebri; d, materies medullaris. Fig. 2, a, b, the 
grey substance of the cerebellum ; d, d, e, e, the medullary matter between 
the laminae of the arbor vitse. StiU stronger for example, in Fig. 3, a, a, a. 
portion of the corpus olivare from the corpora civaria ; e, e, f, the me- 
dullary substance in and without this body. 

* Ecker, I. c, Fig. 3 a, u. 

t I. c, Fig. 9, h, b. 

I Ecker, /. c, and Lancet, Fig. 2, a, b. 

§ I. c, Fig. 4. II I- c, Fig. 5. 
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movements, as we observe in no other part of the nervous system, are 
produced, or with the constant reflex movements, which are Incessantly 
developed from the vagus on the lateral columns of the medulla for 
regular breathing. 

We may hence infer that, other things being equal, where there is 
general excitement of the vascular, and increased activity of the 
nervous system, involuntary reflex phenomena should, perhaps, after 
the application of a slight stimulus, first arise in the part in which 
vascularity is greatest, and where the natural capacity for reflex 
phenomena is strongest, namely in the medulla oblongata. This 
extremely probable conjecture has been converted into certainty by 
the important experiments of Brown-Sequard.* 

Thus, this observer found that if he injured the spinal cord 
in mammalia, especially by cutting through one half of the cord, 
or the posterior columns and posterior horns of the grey substance 
(wherein I have, on a former occasion, shown that very fine longitudinal 
fibres exist, which appeared to me to serve to unite in an harmonious 
movement the reflex impressions on several distinctly situated 
ganglionic groups),t and if the animal survived this dangerous 
operation, after the kpse of three weeks convulsive movements were 
excited, quite agreeing in every respect with epileptic attacks. At 
the same time the very remarkable phenomenon was observed, that if 
the left side of the spinal cord T^as cut through at any spot between 
the seventh or eighth dorsal and the third lumbar vertebra, it almost 
invariably followed that stimuli applied to the left side of the face 
occasioned convulsive movements, whUe if applied to the right side, 
they by no means had this effect. 

This capacity for reflex movements did not manifest itself imtil 
after the third week from the receipt of the injury. The convulsions 
extended over the whole body, with the exception of the part 
paralyzed by the transverse section, and were consequently not 
unilateral. After some time these convulsions again ceased, and were 
subsequently repeated. 

The convulsions sometimes arose spontaneously without any 
external stimulation; but among all the parts of the body there is 
only one where slight irritation was sufficient to excite them, namely 
the side of the face, or as was subsequently more particularly shown 

* Comptes Rendits, 1856, No. 3, Janvier, pp. 86 et seq,, and U Oct., 1856, 
No. 91, pp. 644 e< seg. ; and Archives GinSrales de MMecine, 1856, Fevrier. 
t Essay on the Spinal Cord, p. 68. 
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by Brown-Sequard, of the cheek. The space in question was 
bounded above by a line drawn from the eye to the ear ; anteriorly, 
by one drawn from the eye straight down to the under jaw ; and 
inferiorly by one passing hence to the ear and the lateral parts of the 
neck, sometimes even to the shoulder ; it consequently corresponded 
to the region supplied by the second and third branches of the 
trigeminus.* Singularly enough, irritation above the eyes, the ears 
and the nose was not capable of exciting these convulsions, that, is, 
irritation of the second and third branches of the trigeminus including 
the temporo-auricular branch, and, according to Brown-Sequard, also, 
perhaps of the second and third cervical nerves, to which in the cases 
where irritation of the sl^oulder was sufficient to produce the spasms, 
we should add the fouj4h cervical nerve. I beHeve, however, that 
these nerves are less engaged in producing this action, and that the 
latter is a result of irritation of the accessory, which extends 
through the stemo-cleido-mastoid to the trapezius above the 
shoulder. Indeed, if we irritated the middle line in the neck, whether 
anteriorly or posteriorly, to which the accessory nerve does not 
extend, no convulsions followed, as should have taken place, if the 
second and third cervical nerves were, in these instances, the conduc- 
tors of the reflex movement. 

No other part of the body, notwithstanding the greatest irritation, 
was capable of producing these convulsions j yet if respiration was 
obstructed for a couple of minutes, convulsions were likewise 
excited. 

If now only one side of the spinal cord was cut through, only one 
cheek was capable of exciting these convulsive or epileptic move- 
ments, and the other cheek might be irritated with impunity, and 
pinched without any result. But if both posterior columns were 
cut through, the symptoms were occasioned by irritating either one 
or the other cheek. These experiments lead to most important 
conclusions. 

In the first place, this capacity for convulsive movements did not 
take place until the third week after the infliction of the injury, and 
then originated in the medulla oblongata, which is very far from the 
injured part. We must hence infer, that the irritated condition de- 
veloped by the injury of the inferior dorsal or lumbar portion of 
the spinal cord, extended slowly upwards to the whole cord, and parti- 
cularly to the medulla oblongata. Indeed, these convulsions could be 

• Comptes Bendus, Oct. 1856, pp. 644 et seq. 
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excited by irritation only from the medulla oblongata thiough the 
nervus trigeminus, and probably through the accessory. 

This is still farther confirmed by the course of the convulsions 
themselves. Thus, the first convulsive movements which arose, were 
confined to spasms of the face and of the eyes ; some days after this 
first attack, the muscles of the larynx, neck, and chest were affected 
with convulsions, and finally, the muscles of the trunk and extremi- 
ties participated in the movements.* One of the first phenomena of a 
complete attack, consisted in a spasm of the glottis, or of the muscles 
of respiration.t 

This is more fully explained in the second essay by the writer,J 
where he says, that if the skin be gently irritated in these animals 
in one of the places mentioned, a slight spasm of the muscles of 
the eyehds, face, and neck, of only short duration, ensues, but only 
on one side. The animal cries even less than if other parts are 
irritated ; it is, therefore, not the pain> but the action on the reflex 
nerves, which produces the spasms. Thus also, a stimulus to the 
trunk of these nerves (the second and third branches of the trigemi- 
nus) produces no convulsions, but convulsions are developed so long as 
these nerves are coimected with the skin, the latter being at the 
same time irritated ; and the same is true of reflpx nerves in general. 
Indeed, it is weU. known, that refiex phenomena are excited by a 
stimulus to the skin or mucous membrane, but not to the trunks 
of the nerves themselves, a fact, which is confirmed by my own ex- 
periments. 

If, however, the irritation on the cheek or neck is severe, the head 
is drawn strongly by the convulsions to the one side by nearly all 
the muscles of the side (probably most strongly by the sterno-cleido- 
mastoid) ; the mouth is opened by the action of the depressors of the 
lower jaw {n. mandiiwlaris ani hypoglosms) ; oftentimes a loud hoarse 
cry is produced by the muscles of expiration and the convulsive vibra- 
tions of the chordae vocales (or rather of the muscles in the larynx, 
which put these upon the stretch), and the animal quickly falls, some- 
times on the irritated, sometimes on the other side. The convulsive 
spasms now manifest themselves over the whole body, except in the 
paralyzed limb. The head moves alternately from one side to the other 
(consequently the influences which produce the contractions are not 

* Comptes Bendus, 1856, Janvier, section 7. 

t /. V. 

X Comptes Mendm, Oct., 1856. 
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confined to tlie one side, but have, in the medulla oblongata, been 
conveyed also to the other side, as from our anatomico-physiological 
theory of the organs might be expected) ; the muscles of the face and 
eyes successively contract (facial); the non-paralyzed parts are thrown 
into violent convulsive movements; the respiration becomes irregular 
and spasmodic ; the faeces are expelled, and discharge of urine also 
often takes place (that is the contraction of the abdominal muscles 
is excited, or tetanus of aU the respiratory organs, as in more violent 
attacks of epilepsy) ; sometimes there is even an erection of the penis 
with seminal emission. The fit does not last long, but is frequently 
repeated.* 

We see in this description, as Brown-Sequard himself expressly 
states, the exact picture of a violent attack of epilepsy with all its 
symptoms, in the order in which they occur in an epileptic patient. 

It is extremely important to observe in the foregoing that after 
such an injury of the dorsal or lumbar portion of the spinal cord,t 
the exalted reflex phenomena do not exhibit themselves in irritation of 
that part of the cord which is situated next the wound, and which 
we should expect to be first and most violently affected by the appli- 
cation of the stimulus. But the phenomena exhibit themselves first 
in the medulla oblongata, when the part commences to participate 
iri the general morbid excitation of the spinal cord occasioned by the 
injury. And even then irritation of the inferior portion of the cord, 
is not competent to excite these convulsions, but according to Brown- 
Sequard only irritants, directly appHed to the medulla oblongata are 
capable of producing such effects. Even irritants applied to the 
paralyzed foot, which on unilateral section of the spinal cord changes 
into a condition of hypersesthesia or increased sensibihty, do not 
produce these convulsions. 

• Comptes Rendus, Oct. 1856. 

t There is no doubt that injuries of higher parts of the spinal cord 
would produce the same phenomena ; but these affect the life of the animals 
so much, that they die before this change in the medulla oblongata 
has occurred. The animals do not under these circumstances live three 
weeks, or at least, if the injury was not so severe, they very seldom do so. 
But if the spinal cord is irritated, indirectly for example, through an injury 
of the finger or the neck, which produces constant nervous irritation, the 
medulla pblongata may by this nervous irritation be affected in the same 
manner, and spasms, epilepsy, and even tetanus are often the well-known 
results. See several such cases among others mentioned in Pfluger, Die 
Semorischen Functionen des Riickenmarks, Berlin, 1853, pp, 87 et sea., 
Beobacht. X., XII., XIII., et seq. 
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• These important investigations quite agree with the results 
previously deduced by Pfliiger, from a great number of observations, 
his conclusion, being, that on irritation of a sensitive nerve of the 
brain [pigemmus) the progress of reflex movements is downwards, 
or towards the medulla oblongata, while on irritation of a spiaal 
nerve the progress of reflexion is inverted, from below upwards, that 
is, likewise towards the medulla oblongata.* Hence, if. the reflexion 
occurs in motor nerves, lying even very distant from the irritated sensi- 
tive nerve, the reflectoraUy excited motors are always such as arise from 
the medulla oblongata jt and it is therefore not until the irritation 
has reached the medulla oblongata that the reflex movements can 
pass to the other side and extend over the whole body.f But if the 
irritation ofthe meduUa is not too great, it may, when it has reached 
the medulla oblongata, extend over the body, but only on the same 
side.§ Consequently a higher degree of irritation is necessary for 
the transference of the spasms to the opposite side than for their 
extension on the affected side; therefore tetanus is a result of a 
greater irritation than that by which intermittent spasms and con- 
vulsions are excited. From aU this we clearly see, both that the 
medulla oblongata is distinguished by a greater sensibility to irritation, 
and also that this is the situation where bilateral convulsions ori- 
ginate; that thus we must regard the medulla oblongata as the 
proximate starting-point in convulsions, such as those which occur 
in epilepsy and other nervous affections ; and that in the majority 
of cases the most violent action takes place on the side whence the 
irritation of the spinal cord or from the braiu has proceeded. 

We have shown above, that the medulla oblongata is particularly 
rich in blood-vessels, because an abundant current of arterial blood is 
required during its increased activity. On the other hand, we have seen 
that in reflex movements its activity is coinmonly rapidly exhausted 
and the convulsive motions set at rest; — ^to begin again subsequently, 
or to be constantly repeated, — an important peculiarity which requires 
still further explanation. 

jrom Brown-Sequard's experiments, it appears that if the one 
side of the spinal cord, or the two posterior cornua are cut through, 
and the animal has borne the consequences of this violent operation, 

* Die Sensorkchen Funetionen des Ruckenmarks. Berlin, 1853, p. 74. 
t Pfliiger, I. c, p. 78, V. J I. c. 

§ Pfliiger, I. c, Beobacht. II., III., V., VIII., XII., XIII., etc. See also 
the Index and an Appendix to the work. 
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the epileptic sjmptoms do not begin to manifest themselves until 
the third week after the operation. It was also found that for 
exciting these symptoms a slight irritation was at first usually re- 
quired; sometimes blowing on the part was sufficient; but that 
afterwards convulsive spasms began to manifest themselves spontane- 
ously, in other words, the animal had become epileptic. 

Hence we see, that after the infliction of a wound in the inferior 
part of the spinal cord, a certain morbid condition has been slowly 
developed ; that is, inflammation has arisen as a necessary result at 
the seat of injury, and a state of exalted sensibility has gradually 
been communicated to the entire cord, and finally to the medulla 
oblongata. But we have already shown, that the medulla oblongata, 
above all other parts of the nervous system, possesses a special capa- 
city for exciting reflex phenomena, even in the healthy state. It is, 
therefore, very natural, that, as a consequence of the augmented irrita- 
bility, this capacity for reflexion should be greatly increased ; and 
we accordingly see it, as in epilepsy, rise so high, that the reflex 
phenomena begin to manifest themselves spontaneously and without 
external irritation. Moreover, what is most important, these pheno- 
mena are not constant ; but, as Brown-Sequard expressly observes, 
the fit does not last long, but is often repeated. 

Here, then, we observe the singular fact, that, although the exciting 
cause, the irritating wound inflicted on the spinal cord, and the more 
excitable state of the medulla oblongata so produced, are constant, 
the phenomena are, nevertheless, intermittent. 

The same very often taies place in the human subject. From a great 
number of examples which I might bring forward, I will select only 
one, borrowed by Pflliger from Dieffenbach's Operative OMrurgie. 

" A young girl, who some years before had fallen with one hand on a 
wiae-glass, suffered from violent neuralgic pains, emaciation, contrac- 
tion, and complete uselessness of the hand. But the whole nervous 
system was affected in paroxysms with reflectorally-excited epileptic 
attacks. The fingers were in the highest degree contracted, partly by 
spasms, partly by dense cicatrices. On cutting the latter, a minute 
splinter of glass was found, of the shape of a fine fish-scale, which 
had wounded' (angescknitten) a nerve. The nerve was, in this situa- 
tion, thickened and hardened. After the operation the neuralgia, 
the emaciation, the contraction, and the epilepsy disappeared. The 
patient again became perfectly healthy, and even regained the com- 
plete use of the hand." Pfluger adds : " This case teaches us, in the 
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first placBj the law of unilateral .conduction and reflexion, a^ .we 
observed in it a tonic reflex spasm (only in the one arm). With 
reference to the seat of the affection, we find it to be constant in the 
one brachial plexus, to which the irritated sensitive nerve-fibre 
belonged. Prom time to time, however, the irritations extended to 
other motor nerves, and appeared under the form of general reflex 
spasm, which still bears the trivial denomination of epilepsy ."* 

Thus we see in this case, also, a constant irritation ; the inflamed 
nerve, and the spicula of glass, which producing persistent contrac- 
tion of the muscles of the arm, excite in the meduUa oblongata only 
temporary reflex phenomena, that is, epilepsy ; all which phenomena 
again completely disappear after the removal of the permanent cause, 
namely, the fragment of glass from the inflamed nerve. Consequently, 
there cannot have been any great organic change or degeneration 
in the cervical plexus or spinal cord, or the medulla oblongata ; for 
had such source of irritation existed, the phenomena would not so 
easily or quickly have given way after the removal of the foreign 
body. 

To produce epilepsy, therefore, no disorganization is necessary, no 
great change in the tissue, but only increased excitability, and com- 
monly, as we shall hereafter see, augmented determination of blood 
aiid chemical change are required. 

But it is not necessary in order to excite this exalted capacity for 
reflex action in the medulla oblongata, that this stimulus should 
always be applied through a spinal nerve, the sympathetic and 
vagus effect the same. We know how, in children, convulsions arise 

* Pfliiger, Functionen des BiickenmarJcs, pp. 80 et seq., Beohacht XIII. 
In many cases of epilepsy the convulsive movements are usually more 
violent on one side than on the other, and the head, for example, is 
drawn constantly to the one side. How far we may hence infer, that the 
remote exciting cause is applied on the opposite side of the brain, or on 
the same side through one of the spinal nerves, I cannot say ; but it appears 
to me very probable, that from stronger traction to one side in epilepsy, 
especially if this, as is usual, is constant, we must suppose the existence 
of an unilateral exciting stimulus, whether this be situated in the brain or 
in one of the spinal nerves. As it appears further from Callenfels' experi- 
ments ( Onderzoehingen over den invloed der vaatxenuwen, op den bloedsomloop, 
Utrecht, 1855, p. 67), that irritation of the one sympathetic influences 
the blood-vessels only on the one side of the brain, so perhaps a stronger 
action may even manifest itself on the side of the brain, and thereby 
on the medulla oblongata, where there is intestinal irritation on the one 
side. 
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from the irritation of teethings as well as from worms, when the 
dilated pupil sufficiently indicates the exalted activity of the sympa- 
thetic, under whose control the dilator of the pupil is placed. In 
Hke manner, we are sufficiently conversant with convulsions as results 
of acidity in children, or of exalted intestinal sensibility, and especially 
of inflammation of the intestines. Thus, a stimulus applied to the 
sympathetic or vagus from the stomach and intestines, acts as much 
in increasing the sensibility and activity of the medulla oblongata as 
inflammation in a spinal nerve.* 

But these causes are not so limited. I have already more than 
once remarked, not only that the supply of healthy arterial blood to 
the medulla oblongata is very abundant, but that this abundant 
supply is an essential condition of the proper discharge of the 
functions of the part. Through this blood must the vital meta- 
morphosis of tissue, and with it, the organic activity in the medulla 
oblongata, as in all parts of the body, be kept up. 

But if the blood itself be diseased, if it have deviated from its 
healthy composition, it no longer supplies the normal stimulus ; it 
no longer furnishes the nutritive matters in the state ia which they 
are required for the maintenance of the vital functions. Thus we see 
all kinds of convulsions and nervous attacks, even epilepsy, arise 
from chlorosis, in which the iron or hsematosin appears to be 
deficient, and the lymphatic white blood globules to predominate. 
And we find, that by restoring the constitution of the blood, by the 
administration of ferruginous preparations and by good feeding, all 
the nervous phenomena cease, and that even the epilepsy may be 
dissipated. 

The same thing is seen ia the administration of strychnia, when 
the blood is poisoned by the absorption of this powerful agent ; but 
although the strychnia which is taken up into the blood circulates in 
it, and therefore comes into constant contact and interchange with 
the medulla, the phenomena are not persistent, but manifest them- 
selves in intermittent spasms. A dog, as I have on a former 
occasion stated iu communicating a special investigation on this 

• This influence of the sympathetic, in exciting convulsions by irritation 
of the medulla oblongata, is confirmed by a direct experiment of Kussmaul, 
who, after one carotid artery had been tied, saw galvanic irritation of the 
superior cut portion of the sympathetic produce convulsions in a rabbit 
which terminated after the cessation of the stimulus, and could be again ex- 
cited. See Untersuchwngen ueber Vrsprung und Wesen der Falkuchtzuchungen, 
p. 114. 
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subject,* when poisoned with strychnia, suddenly falls into con- 
vulsions, and if the poison is strong enough, into very violent spasms 
and tetanus, in which, however, he retains his consciousness, and abso- 
lutely gives no sign of pain. And even after the most violent 
convulsions, the dog in some time gets up again, walks about, and 
appears for the moment to ail notliing, he may be struck on the head 
or on the back, without causing any reflex phenomena. This free 
state I have seen to endure even for an hour-and-half, although at last 
the dog died with tetanic fixing of aU the organs of the chest and 
of respiration. K subsequently to an attack the exalted sensibility 
was after some time restored, touching the animal, or even blowing on 
it was sufficient to reproduce the most violent epileptic and tetanic 
phenomena. 

Hence it follows, that in these violent spasms and exalted capa- 
city for action, which with strychnia is not confined to the medulla 
oblongata, the ganglionic cells are more or less rapidly exhausted,- 
that is, a change takes place in the cell, which must be counter- 
acted by fresh nutriment, and by the influence of a copious stream of 
arterial blood. It is, therefore, not until the exhausted irritability 
is restored by some rest that the capacity for reflex action or the 
radiation of power once more attains the height at which only a 
slight stimulus, or even no external irritant, is required to excite 
convulsions. 

We see the same thing in epilepsy. It is a well-known fact, 
which I have observed hundreds of times, that if an epileptic patient 
has been attacked by a severe fit, he remains proportionably much 
longer free ; but if he has had only a shght attack, this is repeated 
after a shorter time, often on the following day, in a more violent 
form, and now again the patient continues longer exempt. Even the 
exalted irritability in the nervous system, and especially in the me- 
dulla oblongata and in the brain, which are reciprocally so closely 
connected, manifests itself in the epileptic patient before the attack, 
very often by greater restlessness and increased tendency to pas- 
sions, and sometimes in an unpleasant sensation, from which the 
sufferers axe again delivered for a time by the more or less rapid 
occurrence of the fit. 

It is, as I have above remarked, difficult to explain in what this 
difference in the ganglionic cells consists, that their activity in a con- 
dition of exalted irritability, or even after normal reflex movements, 
as in swallowing, coughing, &c., lasts so short a time, and cannot be 
* Essay on the Spinal Cord, p. 71. 
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prolonged by the influence of volition, while by our will we can pro- 
duce a lasting impression on the muscles^ and keep them in a state 
of long-continued tension. This may depend partly upon the pecu- 
liar nature of the accessory ganglia, which act on the nerve-nnclei 
in the medulla oblongata, and occur similarly constituted nowhere 
else, and partly in the difference in the routes by which the stimulus 
to action is conveyed to the ganglionic cells. Thus, the filaments of 
the white medulla and the anterior columns are, as conductors of our 
wiU, much thicker than the minute longitudinal filaments in the 
posterior horns, which, as we have seen, serve for reflex combinations, 
and appear to pass over into the same ganglia.* Now, whether this 
difference of action depends on the difference in the filaments 
with which the ganglionic cells are united, or on the different mode 
of action of special ganglionic cells for reflexion, we know not ; but 
we see, that if the ganglionic cells are affected by a persistent irritant, 
for example, by poisoned blood, the same intermissions in the pheno- 
mena manifest themselves. It is STi£B.cient, that this intermission of 
activity of discharge, as it were, is especially pecuhax to the medulla 
oblongata; the more profound reasons are doubtless beyond the 
reach of our understanding. 

The theory I have herein put forward of epilepsy and of its proxi- 
mate cause, as consisting in an exalted action of the ganglionic cells, 
is more or less at variance with the explanation recently given by 
Kussmaul and Tenner, in their important Treatise on the subject.f 

Led by their proofs — that keeping back the current of blood, espe- 
cially from parts situated behind the thalami, that is in the medulla 
oblongata, excites epileptic convulsions — they think that epilepsy is 
not the result of sudden active determination of blood to these parts, 
but that it is produced rather by anaemia, or withholding of blood, 
which, in its turn, is caused by a spasmodic contraction of the capillary 
vessels. J Nutrition is thus suddenly impeded ;§ or, rather, I should 
say, the metamorphosis of tissue is disturbed, causing these parts to 
be brought into an excited state, giving rise to convulsions. On 
every attack of perfect epilepsy the same material change is supposed 
to take place simultaneously in the brain and in a great portion of the 
parts situated behind the thalami. || The whole brain is said thus to 
become suddenly ansemic. 

* See Essay on the Spinal Cord, p. 52, Fig. 9 J, Fig. 10. 
t [A trauslation of the Treatise alluded to in the text will shortly be 
issifed to the members of the New Sydenham Society.] 

J I. c, pp. 112 and 117, No. 4. § I. c, p. 77. || I. c, p. 94 

Q 2 



228 NATURE OF CONVULSIVE MOVEMENTS. 

I cannot in every respect assent to this explanation. On the con- 
trarjj I think that the writers have in a marked degree allowed them- 
selves to be misled by these experimentSj and that they have exhibited 
partiality in whoUy excluding the causal influence of active arterial 
congestion.* For, although they admit other causes also, as chemical 
changes in the blood, foreign substances, &c., impeding nutrition,t 
they have, in my opinion, not sufficiently attended to the fact, that 
plethora and too strong congestion excite convulsions as well as 
anaemia. 

They indeed admit that in subjects hanged convulsions arise like- 
wise from increased determination of blood. J Even of two cases 
where they succeeded in compressing and tying the jugular and sub- 
clavian veins without effusion of blood, the one animal died with 
general convulsions forty-eight hours after the ligature was applied — 
as Cooper also had observed. § 

Moreover, cases have been observed by Eomberg, and still later by 
Eeimer, where by compression of the carotids the fit was cut short. 
In the case observed by Eeimer, this succeeded two-and-twenty 
times, the patient experiencing great relief and improvement in his 
memory and mental condition. || 

If, further, ansemia was so generally the cause, and if, as these 
writers have everywhere stated, after the return of the blood the 
convulsions ceased, the means for the rapid dissipation of the attacks 
must exist in epilepsy itself; since if we were to admit ansemia as a 
cause at all, congestion very quickly 'supervenes, during which 
precisely it is that the convulsions are most violent. The transition 
from ansemia to congestion, even before the blood has, through 
impeded respiration, become too venous, must certainly exercise 
influence on the attacks; and if we would explain this as the result 
of the venous condition of the blood, our explanation would be, as 
FoviUe justly remarks,^ incorrect; since, when the fit is at its 
height, and the determination of blood is strongest, the attack often- 
times terminates suddenly and consciousness returns, which it would 
be difficult to reconcile with such a theory. 

• I. c, pp. 104 et seq. 

f I. c, pp. 100 et seq. X I. c, pp. 106 et seq. 

§ I. c, pp. 108 et seq. 

II Schmidt's Jahrhiieher, 1857, No. 8, pp. 181 et seq. 

H See Dictionnaire de Mldecine et de Chirurgie pratiques, Paris, 1831. 
t. ,7, Art. Epikpsie, p. 421. 
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Equally little does this view find support from the fact, that before 
the attack epileptic patients are usually more excited, more lively and 
more irritable, and their face and the increased heat of the head 
manifest a greater degree of congestion. 

In one case I was able to ascertain this with precision. In a 
young man aged nineteen, who under the use of digitalis, had 
continued for a considerable time free from attacks, I found the 
heat of the head excessively great in comparison with that of the 
cheek, and a very small thermometer, which I had with me for the 
purpose of examining the difference of temperature, when applied 
alternately on the head and cheek indicated a degree of heat on the 
forehead and vertex greater by 13° Fahrenheit than that of the cheek. 
Before I could have cupping-glasses with scarification applied 
to the neck, he had fallen in a violent epileptic attack, scarcely 
fifteen minutes after I had examined the temperature ; whence it 
appears, that in this case congestion rather than anaemia preceded the 
attack J and I doubt very much whether such anaemia as the writers 
caused by tying the four cervical arteries, ever precedes an epileptic 
attack. Such convulsions, it is well known, exhibit themselves in 
cases of violent hemorrhage ; but whatever the proximate cause may 
be, no practical man will confound them with epilepsy, neither do 
they return after recovery. 

I win, indeed, admit, that in the very beginning of an attack 
more or less vascular spasm may exist, which may even produce a 
sudden momentary retardation or obstruction in the circulation 
through the capillaries rapidly passing into dilatation ; but I should 
not consider this spasm to be the- cause of the attack, but rather 
the result of the commencing discharge of the nerve-ganglia, 
which are certainly most closely connected with the vaso-motor 
nerves. 

Schiff found that, after cutting through the medulla oblongata on 
one side on a level with the point of the calamus scriptorius, an in- 
crease of heat took place in the head and ears on the side operated on,* 
whence it would appear, that the medulla oblongata must exercise a 
strong influence on the vascular nerves of the head. In Kke manner, 
the experiments of GaRenfels have shown, that irritation of one sympa- 
thetic may produce constriction of the arteries of the pia mater 

* M. SoTiiff, Untersuchungen xur Physiologie des Nervensystems, 1 Th., p. 
202. 
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of the oerebmm, which is rapidly followed by considerable dilata- 
tion.* 

It thus seems to be scarcely doubtful, that the excited action 
of the ganglionic cells in • the medulla oblongata must extend 
its influence to the vaso-motor nerves of the brain, and this altered 
and more or less disturbed state of the circulation is, in my opinion, 
the cause of the loss of consciousness during an attack of epilepsy ; 
wMle it is incorrect to suppose, that this loss of consciousness always 
precedes the attack. In one case, where an epUeptic patient fell 
with a shriek, he assured me, in answer to my inquiry, that he had 
heard the shriek, but was unconscious of everything after it. 

I therefore freely admit, with Kussmaul, that in an epileptic 
attack the whole brain participates more or less in the change j but 
the commencement of the flt, or of the discharge, must, I think, be 
referred to the medulla oblongata. In like manner, we must explain 
the loss of consciousness as the result of the action so produced on 
the walls of the vessels of the brain, while consciousness may, as I shaU 
hereafter show, ia some slight attacks, even be maintained, or else 
may be lost without convulsions being produced. That loss of con- 
sciousness readily follows on slight disturbances of the cerebral 
circulation, we see abundantly illustrated in. the cases of so many 
girls or women, who become pale and fall in a faint, so that this is 
easily explained in epilepsy. 

* J. van der Beke Callenfels, Over den invloed der vaataenuwen op den 
hloedsomloop, Utrecht, 1855, pp. 67 etseq. 
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CHAPTER m. 

PATHOLOGICAL ANATOMY OF EPILEPSY. 

Little progress has as yet been made in the study of the pathological 
anatomy of nervous affections in general. The lesions found after death 
are often unessential, the product and not the cause of the disease, 
or they consist in such slight and almost imperceptible changes, that 
we hesitate to refer to them the violent symptoms witnessed during 
Hfe. Again, the InsufBciency of our knowledge of the vital phe- 
nomena in the healthy body, renders us unable to explain the 
relation between the morbid alterations observed after death, and 
the disease itseK; and there is unfortunately no affection to which 
these observations are more truly applicable than to epilepsy.* 

Thus Foville, notwithstanding his great experience as a cerebral 
anatomist, who has 'shown by his excellent work on the brain, f 
that he has examined with greater accuracy than any one else the 
more profound connexion of the different parts of this organ, says, in 

* It is still denied by many, that in the insane the phenomena found in 
the dead body throw any light on the nature and course of the disease. 
More than thirty years' experience has led me to a totally opposite 
opinion, and I do not remember to have performed, during the last twenty- 
five years, the dissection of an insane person, which did not afford a satis- 
factory explanation of the phenomena -observed during Hfe. On many 
occasions I was able accurately to foretel what we should find, of which 
my friend Liedholm, and formerly the celebrated Bends of Sweden, and 
van der Lith, Med. Doctr., of the Utrecht Institution, were frequently ivit- 
nesses. Not long ago, in a remarkable case, in which I had anticipated 
degeneration, or rather inflammation of the cortical substance under the 
OS frontis. Dr. Albani of Lombardy, who just then visited me, had an op- 
portunity of observing how completely the results, even in points of detail, 
corresponded to my diagnosis. The grounds of this I have already in 
various places communicated; I hope I shall yet be able, on some future 
occasion, to explain and demonstrate the subject more fuUy. 

t Traite complet de VAnat. et de la Physiol, et de la Pathol, du SiiSt. 
cerebrospinal, avec Atlas, Paris, 1844. 
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an admirable and judicious article, Epilepsie, in the Dictionnai/re de 
Medecine et de Chirurgie pratiques : — * 

"8i vous examinez le syst^me nerveux d'un epileptique, chez 
lequel les attaques n'ont pas et^ suivies d'un trouble durable dans 
I'exercice des fonctions inteEectueUes et locomotrices, vous ne trou- 
verez aucune alteration constante, si ce malade a succomb^ ^ une 
affection ^trangere ^ I'epilepsie, 

"1. Vous ne trouverez rien, absolument rien, qui diff^re de I'etat 
normal dans le plus grand nombre des cas de ce genre. Dans 
quelques-uns, vous rencontrerez des alterations teUes qu'un tubercule, 
un cancer, une production osteo-calcaire, qui peut bien ^tre regardee 
comme cause occasionelle du d^sordre qui a excite les attaques ; mais 
ce d^sordre lui-m6me a disparu, comme les symptomes, le tubercule 
reste pourtant aucune pbenomene ne trabit sa presence. 

" 2. L'inspection des organes encepbaliques des epileptiques, sans 
complication de desordre permanent dans les fonctions inteUectueUes 
et locomotrices, vous offrira une alteration constants toutes les fois 
que ces malades seront morts dans leurs attaques. Cette alteration 
sera une injection generale tres forte de la substance enc^phalique ; 
la dure-mere, I'arachnoide, le cerveau, le cervelet, etc., seront 
gorges d'un sang Hvide ; c'est aussi ce qu'on observe dans les memes 
organes des pendus, des asphyxias. Ainsi cette alteration, quoique 
constante chez les epileptiques morts dans I'acces, n'est pas carac- 
teristique de I'^pUepsie ; eUe Test plutot de I'asphyxie h, laqueUe ont 
succombe les malades. 

"3. Chez les Epileptiques offrant la complication d'un desordre 
inteUectuel permanent, et aussi d'un affaiblissement dans les mouve- 
mens, vous trouverez des alterations d'une autre espece." 

These he further describes as hardening, the medullary matter 
exhibiting a duU appearance ; sometimes in addition to the hardening 
a general vascular injection is present, and in a large number of cases 
there is extraordinary dilatation of the blood-vessels. Sometimes, 
we find softening in the general consistence of the cerebral substance, 
a sort of flaccidity, and at the same time great vascular dilatation. 

These changes occur throughout the whole medullary substance of 
the brain, in the interior of the hemispheres, as well as in the corpus 
callosum, the cornu ammonis, the cerebellum, the protuberantia, the 
pedunculi cerebri aiid cerebelli. The alteration in the brain may, 
therefore, be very general. At the same time we find inequalities in the 
• Diction, de Mid. et Chirurg. prat., t. 7, p. 419 Art. Epilepsie. 
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surface of the grey substance, as well as a marbled appearance, or 
rosy-colour of its interior; sometimes increased or diminislied con- 
sistence ; finally, adhesions to the cerebral membranes ; in a word, 
traces of more or less chronic inflammation of the brain. 

In this description, PoviUe does not rest solely upon his own 
experience, but quotes that of Bouehet, CasanvieUi, Morgagni, and 
others. 

I have, in place of bringing forward a number of various witnesses, 
quoted Poville more fully, as one of the most distinguished cerebral 
anatomists, who at the same time, from the abundant opportunity 
afforded him as Physician-in-ehief of the Charenton Institution in 
Paris, was in a position to acquire an extensive experience in refer- 
ence to epilepsy. 

The result, however, has been such as to promise no information, * 
and to deter the majority of investigators from venturing to seek any 
connexion between the post-mortem appearances of epilepsy and the 
phenomena observed during Hfe. But this prospect becomes still 
more gloomy when we follow our sagacious author ftirther. 

Thus he infers from the foregoing data, that the negative results of 
pathological anatomy in epileptic patients, who have suffered from 
simple fits without mental complication, show, that there is abso- 
lutely no constant alteration in the brain to account for the 
phenomena. And, he asks, must it not be so ? Since, when the 
phenomena of the attack have passed away, the epileptic patient is 
not ill, and in the exercise of his functions exhibits no remarkable 
difference from healthy individuals. To endeavour in these cases to 
discover the cause which has produced the previous convulsions, 
appears to be as absurd as to attempt to find the traces of the 
changes in the brain which may have taken place in it in directing 
the voluntary movements. 

He then asks, whether we may seek this cause in congestion. 
But, he says, how can we admit congestion as the cause, which 
must often have disappeared in less than a minute ? 

How can we explain the phenomena of epilepsy by congestion, 
which is incontestably less at the commencement of the attack than 
at the end, when the violence of the fit begins to diminish, while the 
latter entirely disappears, when the redness, the enormous tumefac- 
tion of all the external parts of the head, and the distention of the 
jugulars are still present, to show that the brain is in the highest 
degree of congestion ?* 

• Diet, de Mid., I. e., pp. 420 et seq. 
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Such an opinion from a practitioner so experienced in nervous 
diseases, and from such a skilful cerebral anatomist^ has indeed the 
tendency to deter any one from endeavouring to throw light on 
the subjectj and to cause it to be considered venturesome to pretend 
to do so. But we cannot, especially as we are aided by the progress 
of science, and by the use of the microscope, with which EoviUe was 
not acquainted, as well as by our more accurate views of the minute 
structure, and of the functions of the nervous system, stand still, and 
we may at least make the attempt, though this may be regarded as 
only a first step. 

My earlier experience as to post-mortem examinations in epilepsy 
quite agrees in main points with that of Foville ; frequently I found 
hardening, and indeed contraction of the medulla oblongata, but not 
' constantly. Sometimes there was degeneration of the brain, at one 
time appearing to be the cause, at another the effect of the disease. 
The spotted, and, as it were, marbled appearance of the medullary 
substance in the brain, in which I thought I discovered the results of 
chronic irritation, which might have given rise to the involuntary 
convulsions and epileptic attacks, long attracted my attention; until 
more numerous examinations showed me, that in epileptic patients 
who had died of other diseases, this did not occur, and that it, there- 
fore, was the effect, at least in great part, of the congestion during 
the last fatal attack. 

At length I thought it necessary to submit the medulla ob- 
longata to careful and special microscopic examination. I had, 
however, in my investigations on the spinal cord often observed, that 
if the latter had lain too long in spirit it acquired a granular condition, 
and that by still longer action of the spirit the medulla presented 
more and more the appearance of firm fatty conglomerations in the 
tissue. 

I was, therefore, much struck by perceiving that in the medulla 
oblongata of the first two epileptic patients whom I had occasion to 
examine, a minutely granular matter manifested itself in fine sections, 
even when the medulla had lain in spirits only a couple of days — I 
subsequently observed that this granular matter had again dissolved 
in a solution of chloride of calcium and water, and that therefore it 
was not fat with which I had confounded it, but albumen coagulated 
by spirit, which had imparted the hardness to the medulla oblongata. 
I hence inferred, that in these cases the constant and repeated conges- 
tions had led to the exudation from the vessels of a more albuminous 
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intereellular fluid thaii occurs in the healthy state, and that this fluid, 
causing the nerve-filaments to adhere to one another, and indurating 
the whole spinal cord, might also exercise an injurious influence on its 
functions. In the brain too, I sometimes found the same phenomenon. 

Subsequently, however, I found the opposite condition in other cases. 
The medulla oblongata was softened, swollen, and on microscopic 
examination, exhibited a most beautiful specimen of fatty degeneration, 
so that it was with great difficulty I could separate the fat sufficiently 
from the thin microscopic sections, to obtain the necessary degree of 
transparency. This I considered to be a more advanced stage of 
degeneration. I was obhged to leave the spinal cord longer than 
usual in tolerably strong spirit, in order to give it the hardness 
necessary to enable me to make fine sections of it ; it was sometimes 
even very difficult to harden it sufficiently. There was in this case 
solution; the previously effused albuminous intercellulax fluid was 
followed by one, perhaps, more watery, or rather had passed into fatty 
degeneration. As in all instances of softening and solution, fatty 
degeneration had here begun, threatening more or less to destroy the 
whole structure. Here too, I found the granular changes of the 
coagulated albumen, which subsequently again disappeared in 
chloride of calcium, proving that in this instance also, with softening 
and fatty degeneration, the intercellular fluid had not ceased to be 
highly albuminous. 

This reminded me of the remarkable investigations of J. C. BuckniU, 
who found, that in dementia after iasanity, the brain had become 
specifically lighter through an increase of fat, but that in patients 
demented after epilepsy such a change is of much rarer occurrence, 
the specffic gravity of the brain being ia the latter class of patients 
often increased, while the organ itseK has become indurated.* For 
these changes ther author felt himseK unable to account, but it is 
probable that the increased gravity was due to the more albuminous 
condition of the intercellular fluid so frequently present in epileptic 
patients. It is, however, plain, that in this case we have not to do 
with a change of tissue, capable of causing epilepsy, but with one 
produced by the constant recurrence of violent congestions of 
blood, necessarily folowed by increased effusion, which the high 
pressure during these epileptic attacks, and especially the augmented 
irritation, must render more albuminous. 

* British and Foreign Medico-Chirurgical Review, January, 1855, Vol. XV. 
pp. 207 et seq. . . 
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I therefore grant to FoviUe, that of the first efficient causes of 
epilepsy (increased sensibility of the meduUa oblongata) no traces 
are apparent in the body of a patient who has died in an interval 
between the fits, in which we should be able to discover any change 
capable of giving rise to epilepsy ; but, I deny, as I shall hereafter 
show, that this is always the case, even in epileptic patients, who have 
not yet become paralytic and imbecile. 

Eurther, FoviUe compares the dementia after epilepsy with that 
after insanity, and thinks, that both exhibit exactly the same phe- 
nomena, the same course and morbid nature. He says : — 

" Dans I'epilepsie compUqu^e d' alienation, les attaques d^epilepsie 
precedent ordinairement tout desordre intellectuel ; ce desordre, 
lorsqu'il arrive, ofEre le plus souvent le caractere de la demence, ou, 
si dans le principe c'est une excitation .maniaque,- la perte graduelle 
de la memoire, de la faculte de coordoner, de lier des idees, m^me 
absurdes, en font bientot une vraie demence. L'affaiblissement 
musculaire, caracteris6 surtout par une sorte de b^gaiement, se de- 
veloppe en meme temps dans la meme proportion. Dans ^alienation, 
comphquee de paralysie generale et d' attaques epileptiques, les pre- 
miers desordres sont des troubles intellectuels, appartenant le plus 
souvent par leur forme k la demence, finissant toujours par y arriver 
lorsque dans le principe ils ont offert un autre caractere, L'affai- 
bhssement des mouvemens se manifeste ensuite par degres ; il est sen- 
sible dans le principe par Tembarras des mouvemens de la langue ; 
enfln les attaques epileptiformes caracterisees par une perte subite 
de connaissance, insensibiht6 generale, convulsions, rougeur Uvide 
de la face, &ume de la bouche, etc., se mamfestent. 

" Ainsi, d'un cot^, pour premiers symptomes, attaques d'epilepsie ; 
de Tautre, attaques d' alienation. Aux attaques d'epilepsie succede 
un affaibUssement intellectuel, a ceUes d'alienationua'affaibUssement 
musculaire ; arrivent enfin, dans le premier cas une demence con- 
firmee, dans le second un affaibb'ssement musculaire de plus en plus 
prononc^. Dans les deux cas, la marche des accidens semble s'arreter 
dans I'intervalle des attaques ; leur retour est le signal de I'augmen- 
tation des desordres, jusqu'S, ce qu'enfin la mort termine cette 
deplorable existence, et c'est un dernier trait qui complete 1' analogic, 
que Fiucurabilite absolue de ces deux esp^ces de maladies com- 
pliquees de desordres analogues de FinteUigence et du syst^me 
locomoteur." 
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He hence infers, that these changes consist entirely in the same 
kind of affections, and are results of epilepsy. I shall endeavour to 
show, how FoviUe, and with him most writers, are vastly mistaken 
on this poiut, to the great prejudice of the epileptic patients, who, 
incase of commencing imbecility, are incorrectly considered to be 
whoUy incurable. 

Lastly, from the whole he draws the following conclusion : — 

" Concluons que la cause materielle de I'epilepsie simple est encore 
h, fixer ; qu'eUe est vraisemblablement aussi passagere que la duree 
des attaques, qu'eUe consiste vraisemblablement dans une alteration du 
mecanisme de Tianervation, que nous devons avoir bien de la peine 
h, saisir, ignorans comme nous le sommes de ce mecanisme k I'etat 
normal."* 

I have already shown that this primary cause consists in an ex- 
alted sensibility and activity of the medulla oblongata, whereby this 
part more rapidly answers every stimulus m abnormal reflex move- 
ments, or transfers its accumulated nervous or electrical force to the 
nerves, and discharges itself in muscular contractions. 

We must, therefore, as is the case in so many diseases, content 
ourselves with the investigation of the proximate results of the fits 
of epilepsy, and these appear to me to be not unimportant. 

Besides, the hardening or softening, which I have often met with 
in epilepsy, and which is also noticed by FoviUe, the changes under- 
gone by the blood-vessels in this disease are of especial importance, 
and it is to this point that I particida,rly wish to direct attention. 

In the first place, I must observe, that in aU dissections of the 
meduEa oblongata in epilepsy, whether the patients died m or out 
of the fit, I met with great redness and vascular tension in the fourth 
ventricle penetrating into the medulla oblongata, sometimes to a 
considerable depth. Thus, in preparing transverse microscopic 
sections through the whole medulla oblongata, from beneath the 
pons Varolii to the inferior extremity of the corpora ohvaria, I was 
particularly struck by finding the posterior part towards the fourth 
ventricle of a much darker colour, usually containing some more dis- 
tended vessels, which then ran either iu the course of the roots of 
the hypoglossus into the corpora oHvaria, or in the course of the 
vagus and accessory, or in both. "Where the degree of redness was 
slighter, it was commonly confined to the posterior half of the me- 
dulla; in most cases, however, this hypersemia extended into the 

• /. c, p. 424, 
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corpora olivaria, wLich were often furnislied with large blood-vessels. 
Thus, alsoj ill the raphe, dilated blood-vessels were almost always 
visible. After I had discovered the close connejdon between the 
corpora olivaria and the hypoglossal nucleus in the subsequently 
described pedunculus oUvse of Lenhossek, I happened to find, ex- 
actly in this course, thick dilated blood-vessels, such as those above 
mentioned, in the first epileptic patient, whose medulla oblongata I 
had the opportunity of examining microscopically. The part in 
question was sent to me from the Institution for the Insane at 
Meerenberg, through the kindness of the director and principal phy- 
sician Everts, and the third physician Opdorp, and was accompanied 
with a letter.* 

It was an old case of epilepsy; the patient was also maniacal, 
and was often furious during the last five years that he was under 
treatment ia Meerenberg. Latterly, he became more and more 
paralytic; swallowing was difficult. Por the last twelve days he 
would use nothing but cold water. During his attacks, as I after- 
wards observed, he always bit his tongue. The foUowiiig was the 
report I received of the dissection of the brain : — 

" The skuR was brittle and thin ; the sinuses of the dura mater 
were wide and partly filled with dark, half coagulated blood; the 
dura mater was not strongly connected to the skull; the arachnoid 
exhibited in different places a plastic exudation ; this membrane was 
tough, and in many situations of a dull-white colour ; the pia mater 
was thick and rather congested ; it was, however, easily separated 
from the cerebral mass (atrophy of the cortical substance) ; the sub- 
stance of the brain was somewhat congested, firm, and tough ; the 
pituitary gland was very large and distended, and on section, dis- 
charged a white, shmy fluid." 

It appeared to me important to ascertain the width of the vessels 
in the medulla oblongata under the microscope, and particularly of 
the widest vessels I could find. This amounted, in the course of the 
hypoglossus, to 0.230 mm. ;t in the corpus olivare to 0.305 ; in the 
course of the vagus to 0.152. I connected the preponderance of 

* I gladly take this opportunity -of publicly thanking Everts, Roell 
of Dordrecht, and Ramaer of Zutphen, for the kindness with which, 
by sending me the medullse oblongatiE of several epileptic patients, they 
have enabled me to accomplish these investigations. 

t I have reduced all the following measurements to thousandths of a 
millimetre. I freely acknowledge that the measurements do not represent 
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the diameter of the capillaries in the course of the hypoglossus over 
that of the vessels in the track of the vagus, with the fact that this 
epileptic patient had during his fits invariably bitten his tongue. 

For, as this phenomenon, although very frequent in epilepsy, does 
not occur in all cases, it appeared to me, that if during the fit the 
vessels, which are so much wider, conducted more blood to the nu- 
cleus of the hypoglossus and the corpus ohvare, which is in such 
close connexion with it, — it was not improbable that these parts 
would be stUl more irritated, which might cause convulsive move- 
ments of the tongue, and the protrusion of this organ- between the 
teeth, and thus occasion it to be constantly bitten during the attacks 
of epilepsy. 

Some time afterwards, in May, 185-5, a patient died in the Asylum 
for the Insane, at Utrecht, who had been epileptic for fifteen years, and 
had for eight years been under my observation. I had in this case 
tried various remedies, but in vain. The patient's attacks were very 
variable ; sometimes they were very severe, — at others, on the con- 
trary, they were very sUght ; on the latter occasions he could con- 
tinue sitting on his chair, was quite absent only for some moments, 
and was free from convulsions. He never bit his tongue : as to his 
state in other respects, he had quite lapsed into dementia. 

I performed the post-mortem examination in the presence of my 
friend Liedholm of Sweden. Before the dissection, in order to test 
my hypothesis, I stated that I should, in this instance, find the me- 
dulla oblongata affected chiefly, not in the course of the hypoglossus, 
but in that of the vagus, as the respiration, too, was disturbed in 
slight attacks. 

We found in the abdominal cavity the colon and sigmoid flexure 
very much dilated and lengthened, the latter ascending to the level 
of the transverse colon. Above and beneath the sigmoid flexure 
' were many constrictions, which higher up agaiu alternated with dila- 
tations ; the caecum, too, was very much dilated. The patient suf- 
fered extremely from a torpid state of the bowels ; and this tendency 

the exact diameter of the Tassels during life, as the latter had contracted 
both while they remained in spirit, and subsequently, still more while they 
were left in chloride of calcium ; but this remark applies to all the vessels, 
and I was able to measure the cavity in which each had contracted. Besides, 
the question was not as to the absolute, but as to the relative width of the 
vessels ; in reference to which, however, we must always bear in mind, 
that the wider vessels contracted proportionally more than the narrower 
and smaller ones. 



240 PATHOLOGY OF EPILEPSY. 

to constipation and the changes ia the colon had, probably, been 
the excitiag causes of numerous cerebral congestions, which had 
been followed by epilepsy ; just as in strictures and prolongations of 
the colon, the same conditions are so often productive of sympathetic 
mania. 

The dura mater was very firmly adherent to the brain ; the skull 
was, however, not thick, but soft, and free from the hardness which^ 
often accompanies such adhesions. 

The pia mater was thin, there was no effusion on the surface j the 
veins of the membrane were very much distended ; in some places 
there was effusion of blood under the pia mater. The convolutions 
were very much flattened on the surface, from distention of the brain; 
after the removal of the pia mater, they exhibited on the anterior 
lobes, under the os frontis, a more rosy-red colour. Here they were 
more firmly attached to the pia mater, so that the latter could with 
difficulty be drawn off from the convolutions without laceration 
(chronic inflammation of the cortical substance, and commencing 
adhesion to the pia mater). The earlier sympathetic affection of the 
brain had, therefore, become idiopathic, as is usually the case in old 
maniacal and demented patients. Particularly along the two fossse 
Sylvii, much blood was effused under the pia mater ; the sinnses of the 
dura mater were very much distended and filled with blood; the 
pituitary gland was large; the basilar artery was very wide; the 
base of the brain was dry. The medulla oblongata appeared a little 
harder than the brain ; although not thinner, it was not atrophied. 
The nerves in the pa mater, discovered by Bochdalek, were, in this 
case, very distinct on the cerebellum. In the postero-internal margin 
of the right inferior lobe, where this covers the cms cerebri from 
beneath, was a dark-grey, tough, viscid mass, here and there studded 
with black points of different sizes. Somewhat more anteriorly, and 
at some depth, in the so-called uncus gyri fomicati, and further to- 
wards the substantia reticulaiis Arnoldi,* these spots lay nearer to 
one another, and were interspersed with streaks of blood of a lighter 
red colour. Under the microscope, this part exhibited many brown 
cells, enclosing more or less altered blood corpuscles. The cms 
fomicis, which here passes over into the inferior cornn, was de- 
generated, and near the entrance into this effused mass was famished 
with black pigment, which could be traced into the inferior comu to 

• Arnold, Tdbulcs Cerebri, Tab. VII., Fig. 3/, h, h. 
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the end, where an old sanguineous extravasation was present, which, 
probably, during the last long-continued and fatal attack of epilepsy 
had given rise to fresh effusion of blood. There was, further, a little 
fluid in the ventricles, probably effused in this situation in conse- 
quence of the generally oedematous state of the brain ; in the choroid 
plexuses, as well as frequently in the posterior sinus, were large cells. 
In the semi-oval centre of Yieussens were extraordinarily dilated 
blood-vessels; the grey matter in the cortical substance was thin 
and pale, and had consequently already passed into a state of 
atrophy.* 

The veins of the spinal canal were extremely distended with blood 
and dilated. 

On makiag a section of the pons Varolii, I met, two lines above 
the entrance of the medulla oblongata, with a small sanguineous ex- 
travasation, from four to five mm. in breadth, whence a tolerably wide 
blood-vessel, of the thickness of haK a mm., emerged. The vessel 
was filled with very stringy, firmly-coagulated fibrin. 

The medulla oblongata exhibited, anteriorly, nothing particular 
except swollen capillaries ; but, posteriorly, especially on the corpus 
restiforme, near the fourth ventricle, or, more exactly, on the so- 
called Kgula or tsenia plexus choroidei ventriculi quarti of Arnold, 
and the adjoining fasciculus cuneatust on the right side, Httle tu- 
bercles appeared, perhaps twelve in number, each of which was 
surrounded by a capillary blood-vessel, situated as in a little de- 
pression between the tuberculous projections. On the left side, 
although in a much less degree, a trace of such a condition was, 
however, visible. 

But on microscopic examination, it appeared, that in this 
instance, I had before me no tubercles of any foreign sub- 
stance, but that this part had undergone very decided fatty de- 
generation, whereby it was enlarged; in which enlargement the 
blood-vessels had not so fully participated, causing the formation of 
little grooves, and giving rise to a tuberculous appearance. The 
fat eibibited itself in thin superficial sections in extraordmary 

• We have, therefore, in this case an example, in which probably a 
sympathetic cause in the abdomen gave rise to the disease, and neverthe- 
less, subsequently, unilateral change in the brain was the result; in this 
instance probably in consequence of violent congestion during the attacks 
of apoplexy. 

t Amoldi, Tab. Cerebri, Tab. VIIL, Fig. 3 h, h. 
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quantity, more, however, on the right side than on the left, which 
was also less afEected, and was not so much swollen. On a trans- 
verse section, the greatest change appeared to be limited to i^e 
parts situated without the nervus vagus.* 

On a level with the second cervical vertebra (the origin of the 
phrenic nerve) the grey substance was unusually red and highly- 
coloured, more so than I had before found it. After the medulla 
oblongata had lain for three days in spirit, of specific gravity 0.895, it 
was stiU soft, so that it was with difficulty that sufficiently fine 
sections could be prepared. There was, however, a number of 
granules in the tissue between the ganglionic cells and the nerve- 
fibres, but which, from their less refractive power, and minuteness, 
evidBntly did not consist of fat ; we likewise saw some crystals of 
haematosin. The following day, all these granules had disappeared 
in the sections which had been placed in a concentrated solution of 
chloride of calcium. I therefore concluded that these granules were 
formed by albumen, coagulated from the intercellular fl.uid in con- 
sequence of the action of the spirit, and that thus, notwithstandiDg 
the fatty softening, an excess of albumen was effused in the inter- 
cellular fluid, as a result of chronic roflammation. 

In the transverse sections, the capillary vessels appeared very much 
dilated, especially in the paths of the hypoglossus and vagus. On 
the right, or more deeply-implicated side, the blood-vessels were 
wider in the course of the vagus ; on the left they were somewhat 
wider in that of the hypoglossus, as here the vessels of the vagus 
were rather less swollen. On repeated measurement, it appeared 
that the widest capillaries in the path of the right vagus amounted 
to 0.268 mm. ; in that of the hypoglossus of the left side, to 0.172 ; 
in the corpus olivare, to 0.178 ; in the septum,' to 0.230. 

It was evident that the sanguineous extravasations in the inferior 
comu and the pons Yarolii were results of effusions which occurred 
in the last period during violent attacks ; as effused blood cannot be 
preserved in the brain for fifteen years, but would within that time 
have been absorbed. 

We could, therefore, only suppose that the originally exalted irri- 
tation of the medulla oblongata, which had given rise to epilepsy, 
had finally passed into chronic fatty degeneration and inflammation, 
and that this had kept up the epilepsy, and rendered it incurable. I 
* My first figure, e,f, v, D, t, n, m, s. 
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thought that the results of the post-mortem examinatioii especially 
justified this inference, as my diagnosis made previously to the dis- 
sections — ^that I should find the greatest amount of alteration without 
the course of the hypoglossus — was most remarkably confirmed; 
the lesion was, in fact, confined to the outside of the vagus. I hence 
inferred, that the original irritation of the medulla oblongata, and 
particularly of its outer side, had produced an increased afilux of 
blood, especially in the repeated attacks; — that the blood-vessels 
consequently became organically dilated, their walls being very much 
thickened and much stronger than in the normal state ; and that 
through tliis increased afflux of blood the gangUonic cells became 
in turn irritated, and, as it were, overloaded, so that they were com- 
pelled from time to time to discharge themselves in epileptic fits. 
Hence it woiild follow, that the dilated state of the blood-vessels 
must be regarded not only as a result, but also, in fact, as a second- 
ary cause of the attacks, — and that, as the congestion and the strong 
current of blood were kept up, both by the constant irritation in the 
.attacks, as well as by the fact that the dilated vessels and their 
thickened walls could no longer be brought back to the normal 
state, and had now already produced a condition of fatty degenera- 
tion, they had caused the incurability of the epilepsy, agaiast which 
I had in vain tried all kinds of remedies, both internally, and es- 
pecially externally, as derivants. 

It was thus of the greatest import9,nce to continue these investi- 
gations, and I therefore requested my friends, Heeren Dr. Everts, 
Persyn and Opdorp, of the Meerenberg Asylum, where so many 
epileptic patients are under treatment, to be good enough to send 
me the recent meduUse oblongatse of dead epileptic individuals. These 
gentlemen with the greatest readiness complied with my request; I 
had myself opportunities of adding some post-mortem examinations of 
epileptic patients who died in the Asylum for the Insane at Utrecht, 
and I also received the medulla oblongata of an. epileptic from 
my friend de Bidder, a physician practising in this city ; so that 
altogether I was enabled to examine the bodies of fourteen epileptic 
individuals. 

In no other patient did I find so great a degree of fatty degen- 
eration as that of which I have just now spoken. In some instances 
the -medulla had however passed into incipient fatty degeneration 
with exudation of albuminous intercellular fluid; in several the 

■ ■ e2 
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medulla was hard and firm ; in some it was rather slighter than is 
normally the case ; in most I met the granular exudation of albumi- 
nous serum already described.* 

I shall by no means weary the reader with the details of the 
histories of these epileptic patients : they were all old incurable 
cases. Of aU I have in consecutive transverse sections micrometrically 
determined the width of the capillary vessels in the medulla ob- 
longata, and I have thrown the results into a tabular form.f For 
the sake of complete comparison I at the same time determined the 
width of the capillaries in the medulla oblongata of a maniacal patient 
with paralytic affections, though not epileptic ; and of a woman dead 
of another disease, that is of a healthy meduUa oblongata j and also 
the width of the largest blood-vessels in the medulla oblongata 
of a cow. 

In the great majority of cases I succeeded in ascertaining whether 
the patients during the attack had bitten the tongue, which occurs 
in most instances, but to which attention is not always paid. In a 
couple of instances, however, this was uncertain ; so that I have been 
obliged to separate two cases from the table, as from them no certain 
conclusions could be drawn. 

In this point of view, I have divided the results into two tables : 
in the first, the cases are given of epileptic patients, who during the 
attack were in the habit of biting the tongue ; in the second, I have 
placed those cases where this did not occur. 

• Changes in the medulla oblongata often occur in epileptic patients, 
but are not always sufficiently attended to ; I myself formerly often met 
with hardening and atrophy of this part. Even during the printing of this 
Treatise 1 found in the annual statistical reports of the physicians of 
asylums for the insane, which will soon be published, a case of the presence 
of pus in one corpus olivare in an epileptic patient at Meerenberg, and of 
hardening and atrophy of the medulla oblongata in another instance at 
Franeker j unfortunately, no particulars of the previous illnesses are added. 

t I had at first, for the last figure in the table, calculated the average 
of the several wider vessels in the paths of the vagus and hypoglossus, in 
the corpus olivare and the raphe, and although an evident difference was 
brought out in this way, I considered, that as I had admitted into this 
calculation a varying number of smaller blood-vessels, which would of 
course exercise a considerable influence on the determination of the 
greatest width, 1 could not in this inode obtain any certain result. As 
the question was merely as to the widest capillaries, I determined to 
bring into the table only the measurements of the largest blood-vessels 
which I could find in each medulla in the above-mentioned paths, and in 
this way the results are much more striking. 
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TABLE A. 

EPILEPTIC PATIENTS, WHO BIT THE TONGUE DURING 
THE ATTACK. 



Place whence 
the Epileptic came. 


Width of the OapillarieB. 


Obserratlona. 


In the 

path of the 

Hypo- 

gloSBUB. 


In the s 
Corp. OUT. 


In the 
naphe. 


In the 

path or the 

Vajua. 


Meergnberg, 
6th Aug., 1854. 

Meerenberg, 
18th Nov., 1855. 

Utrecht B., 
4th Nov., 1855. 

Meerenberg, 
5th Jan., 1 856. 

Meerenberg, 
4th June, 1856. 

Meerenberg, 
17th June, 1856. 

Meerenberg, 
18th Nov., 1855. 


wm. 
0.230 

0.303 
0.393 

0.265 

0.280 

0.280 
0.390 


mm. 
0.305 

0.355 
0.350 

0.280 

0.408 

0.152 
0.355 


mm. 

0.370 
0.305 

0.320 

0.370 

0.280 
0.485 


mm. 
0.152 

0.170 
0.292 

0.247 

0.305 

0.242 
0.253 


I did not determine the 
vessels in the raphe in 
this case. The patient 
did not die in a fit, but 
of phthjsis pulmonalis. 
Man, aged 30. 

Died of phthisis pul- 
monalis. Man. 

Occasionally bit the 
tongue. Died of ma- 
rasmus and exhaustion. 
Man. 

Great biter, violent 
epilepsy; died of maras- 
mus and phthisis. Boy, 
aged 15. 

Died in violent ex- 
citement after an attack ; 
occasionally bit the 
tongue. Man, aged 35. 

Died of marasmus and 
general paralysis. Man. 

Appeared to bite her 
tongue occasionaUy,but 
the case was not suffi- 
ciently observed. Wo- 
man. Emphysema of 
the lungs. 


Average. 

Utrecht, 

de Ridder. 

Dr. Roell's case. 


0.306 
0.204 

0.261 


0.315 
0.382 

0.305 


0.355 
0.412 


0.237 
0.204 

0.214 


It was uncertain 
whether this patient bit 
her tongue ; there were 
no particularly wide ves- 
sels in the raphe. Died 
of phthisis pulmonalis. 
Girl. 

Uncertain; but pro- 
bably bit the tongue. 
Died of inflammation of 
the brain, not in conse- 
quence of an attack.' 
Girl. 
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TABLE B. 

EPILEPTICS, WHO DID NOT BITE THE TONGUE. 





■Width of the CapiUaiies. 


Ohserratlon >. 


In the 






In the 


Place TThence 


path of the 


In the 


In the 


path of the 
TaguB. 




the Epileptic came. 


Hjpo- 

glossus. 


Corp. OUT. 


Saphe. 




Utrecht Kr., 


Twm, 


mm. 


mm. 


mm. 




May, 1855. 


0.172 


0.178 


0.230 


0.268 


Fatty degeneration 
on the outside of the 
vagus ; died in a fit. 


Meerenberg, 










Man, aged 50. 


7ch Feb., 1856. 


0.190 


0.195 


0.315 


0.345 


Deaf and dumb, died 


No. 1. 










in a state of coma, 
after an attack. Woman, 


Meerenberg, 










aged 40. 


7th Feb., 1856. 


0.224 


0.255 


0.345 


0.369 


Died in an attack. 


No. 2. 










Man. 


Utrecht B., 












18th March, 1856. 


0.242 


0.230 


0.290 


0.452 


Died in an attack. 


Meerenberg, 










Man, aged 50. ' 


25th Feb., 1856. 


0.223 


0.229 


0.318 


0.305 


Died in an attack; 
formerly bit his tongue, 
but subsequently ceased 
to do so. Man, aged 18. 


Average. 


0.210 


0.217 


0.300 


0.348 




Mania paralytica. 


0.140 


0.160 


0.160 


0.J73 


In every part of the 
brain great dilatation of 
the vessels and adhe- 
sion between the pia 
mater and the convolu- 
tions on the upper sur- 
face. 


Healthy Med. obi. 


0.097 


0.052 


0.148 


0.064 




Suburban Hospi- 


0.360 


0.360 


0.430 


0.255 


Aneurismatic vascular 


tal (Buitengast- 










dilatation in the right 


huis) at Amster- 










corp. pyramid., and ex- 


dam, 1st Feb., 










tremely dilated vessels 


1858. 










in the right corp. denta- 
tum cerebelli ; epileptic 
from childhood. Girl, 
died of pneumonia; did 
not bite the tongue.* 



• While this work was passing through the press, I received this me- 
dulla oblongata from my friends, Prof. Schneevogt and Dr. Moll, from the 
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If we compaxe these two tables, we shall find that they present a 
striking difference ; namely, that in the first table, containing the 
epileptic patients who bite their tongues during the attack, the 
capillaries in the course of the hypoglossus and the corpus olivare are 
much wider than those in that of the vagus; while this state of 
things is reversed in the second table. Eor the sake of greater clear- 
ness, I shall here place the two averages from the tables in juxta- 
position. 



Different Epileptics. 


Hypoglossus. 


Corpus 
OllTare. 


Kaphe. 


Vagus. 


Table A. Tongue-biters 
Table B. Not Biters 


0.306 
0.210 


0.315 
0.217 


0.355 
0.300 


0.237 
0.348 


Difference 


4- 0.096 A. 


+ 0.098 A. 


+ 0.055 A. 


+ 0.111 B. 



Suburban Hospital at Amsterdam. The specimen was accompanied with 
the statement that the girl, aged twenty, had been epileptic from her 
earliest youth. The attacks presented the characteristics of idiopathic 
epilepsy. Formerly they were very frequent, and had a blunting influence 
upon the exercise of the mental powers ; bnt after menstruation set in, in 
her nineteenth year, they diminished to eight or ten in the month. She was 
latterly often attacked with fever, soon complicated with delirium, and 
finally passing into pneumonia of the right side, under which she sank. 
On opening the skull, much cerebro-spinal fluid flowed out ; the vessels of 
the pia mater were very much distended. 

I was particularly struck with the redness in the right corpus dentatum 
cerebelli, in which the vessels were dilated to nearly a mm. ( 0.920 ). 
Furthermore, a great aneurismatlc dilatation of a blood-vessel in the right 
corpus pyramidale attained a width of 0.485, the diameter of the undilated 
portions of the vessel amounting to only 0.230. Lastly, this case affords 
an example of the vessels in the course and nucleus of the hypoglossus 
being wider than in those of the vagus, without the patient biting her 
tongue during the attacks, thus making an exception to Table A, while 
the table is confirmed in this, that the patient did not die during an attack, 
like all of Table B, where the vagus was more dilated. 

What influence inflammation of the corpus dentatum cerebelli has had 
on the attacks, I cannot decide ; I have in epileptic patients often found 
dilated vessels in it, but not such great dilatation as in this case. The 
aneurismatlc dilatation, which in the right corpus pyramidale was con- 
fined to one side of the blood-vessel, is highly important, particularly as, 
according to the report, the tonic spasms and contortions were mostly on 
the right side. 
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Hence, it appears, that in epileptic patients, who were in the habit 
of biting their tongues during the iit, the vessels were wider than in 
those who did not bite the tongue on an average in the course of 
the hypoglossus by 0.096 j in the corpus olivare, which certainly 
here plays an important part, by 0.098 mm.; and in the raphe by 
0.055. In those who did not bite the tongue, on the contrary, the 
vessels in the path of the vagus were 0.111 wider than in those 
in the first table A. This difference, so manifest in all, is too 
great to be considered merely accidental ; and we must hence infer, 
that in epileptic patients who are accustomed to bite the tongue in 
every attack, the irritation and vascular dilatation are more decided 
in the track of the hypoglossus and the corpus olivare ; in epileptics 
on the other hand, who never bite the tongue, these changes are 
better marked in the course of the vagus. The vessels in the raphe 
appear too to be somewhat more dilated in the first class ; yet as this 
is situated exactly in the middle, I have no remark to make on it. 

In one vessel in the raphe. No. 1, in the second table, B, I found 
the wall of the vessel increased in thickness to 0.064 mm., a thick- 



To the observations on epileptics who do not bite the tongue, I am able 
to add three cases accurately described- by Dr. Kroon, in his Dissertation 
on Epilepsy, and its treatment with valerianate of atropia and lactate of 
zinc (over Epilepeie en hare behandeling met VaUrianas Atrcpini en Lactas 
Zmc?^, published at Amsterdam in 1859. In these cases I examined the 
meduUae oblongatEe carefully with the microscope in the presence of the 
author. 

None of the three patients had ever bitten the tongue, and each of them 
had died in an attack, which is extremely remarkable, and strongly con- 
firmatory of my observations on this subject. No. 1, a woman aged 52, 
had had several apoplectic attacks, which had occasioned paraplegia ; the 
two corpora striata were more or less degenerated, presenting softening 
and extravasations of blood, some of the latter being recent and some of 
long standing. Violent epileptic attacks, occurring in rapid succession, 
terminated her existence. 

In No. 3, death was the result of a very remarkable and certauily 
very rare fissure or laceration, extending with red edges, in the right 
side of the medulla oblongata, above the glosso-pharyngeus and beneath 
the pons Varolii, in the direction mai-ked in my Fig. 1, by the letters n, I, 
i, 1c. Perhaps this was the consequence of an apoplectic effusion. In ad- 
dition, in all three cases, some ganglionic cells were more or less darkened 
and degenerated in the nuclei of the hypoglossi and vagi. The three 
medullEe were in a state of well-marked fatty degeneration. 

In No. 1, moreover, the materies nigra in the crura cerebri, especially 
on the left side, was orange-yellow instead of black. 
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ness which exceeds the diameter of most capillaries in the medulla 
oblongata in the healthy state. 

This result becomes stUl more striking, if we compare it with the 
diameter of the vessels in a case of mania paralytica without epilepsy, 
where, moreover, there was much vascular dHatation in the brain. 
In this instance, the diameter of the vessels in the medulla oblongata 
was, nevertheless, in general smaller than in any case of epilepsy .* 
Equally remarkable is the difference between the diameter of the 
capillaries in epilepsy, and that in the healthy condition where it 
attains to scarcely one-third of the diameter of the capillaries in 
epilepsy. 

The difference in the diameter of the vessels of the corpora olivaria 
is very striking. The greatest diameter in the epileptics who bite 
the tongue, is to that in those who never do so, as 315 : 217, being 
a difference of nearly a third. Moreover, if we compare the diameters 



The dilatationof the vessels is shown in the following table, in thousand tlis 
of millimetres. 



Number 


Course of 






Course 




of the 


the Hypo- 




Raphe. 


of the 




Patient. 


gloesus. 






Vagus. 




1 


0.317 


0.355 


0.190 


0.470 


■ The degeneration was strong- 
ly marked in the vagus ; the 
dyspnoea was extreme. 


2 


0.380 


0.330 


0.355 


0.470 


On the left degeneration be- 
tween the corpus olivare and- 
corpus pyramidale. 


3 


0.265 


0.330 


0.344 


0.355 


The medulla oblongata was 
bent obliquely to the right.f 



From the above table, therefore, it again appears that the greatest dila- 
tation of the vessels existed in the course of the vagus, in epileptics who 
did not bite the tongue, and at the same time, that in consequence of the 
violent action in the centre for respiration, tetanus of the respiratory 
muscles occui-red in the fit, producing death. 

* See Table B. 

t As I had no part in the correction of the proof-sheets of the Disserta- 
tion, a very unfortunate typographical error in the table was allowed to 
remain in the original, 10.000 parts of English inches having been taken 
as millimetres, and some figures, moreover, having been wrongly placed. 
1 have here corrected the numbers from the original notes, and have 
reduced them to thousandths of millimetres. 
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of the vessels in the paths of the hypoglossns and vagi nerves in A 
and B, the width of the capillaries in the hypoglossus is to that in 
the vagus in A, as 306 : 237 ; and vice versa in B, as 310 : 348; 
or ia A, the vessels in the hypoglossus are 0.069, in B, they are 
in the vagus 0.138 -wider. 

TVom aU tHs, I think we have sufficient reason to conclude, that 
the first cause of epilepsy consists in an exalted sensibility and 
excitability of the medulla oblongata, rendering the latter liable to 
discharge itself on the application of several irritants which excite 
it, ia involuntary reflex movements. This irritation may either be 
external (irritation of the trigeminus), an irritated condition of 
the brain, or, as is stiU more frequent, it may proceed from irritants 
in the intestines. In children, worms in the intestines, acidity, 
a torpid state of the bowels, &c., are among the most common 
causes j ia adults, there may be irritation of the intestines, particu- 
larly of the mucous membrane, constipation,' and prolongations of 
the colon connected therewith, but above all, onanism, which acts so 
very much on the medulla oblongata, and must be regarded as a very 
frequent cause of epilepsy, Amenorrhcea, chlorosis, plethora of the 
uterus, hysteria, &c., are also to be enumerated. 

In the commencement there is still only exalted sensibility. If 
this can be removed or moderated, the epilepsy gives way of itself, 
especially if the sensibiKty is not renewed by remote causes. 

But if the disease has already lasted long, organic vascular 
dilatation takes place in the medulla, the consequence being that too 
much blood is supplied, and the ganglionic groups are too strongly 
irritated, too quickly overcharged. Every attack then becomes a 
renewed cause of a subsequent attack, as the vascular dilatation is 
afresh promoted by every fit. Lastly, increased exudation of albumen 
ensues from the now constantly distended vessels, whose walls at the 
same time become thickened, producing increased hardness of the 
medulla, subsequently passing into fatty degeneration and softening, 
and rendering the patient incurable. 

"With these changes, vascular dilatation in the brain, and particularly 
in the cortical substance, goes hand in hand. The small gangUonic cells, 
which are here present in such great abundance, become compressed 
by the dilated vessels, and perhaps also in consequence of the more 
albuminous nature of the intercellular fluid. Dulness and loss of 
memory are the results; or if after a fit an unusual current of arterial 
blood is supplied, we have, following immediately upon the paroxysm, 
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over-irritation, rage and acute mania, which is present in so many 
epileptics. 

This dulness of the mental powers, which may represent apparent, 
until it finally passes into true dementia, difPers very much from 
dementia after acute or chronic mania— a pointwhich is not sufficiently 
kept in view. Dementia after epilepsy is for a long time the result 
of vascular dilatation, and as I shall show, if we succeed in conquering 
the epilepsy, the silliness, the blunting of the mental powers, and the 
shortness of memory give way, and the patient gradually regains his 
former powers of mind, although not always in a perfect degree, which 
depends on the amount of the affection. The dilatation of the vessels, 
kept up by no fresh attacks and congestions, begins by degrees to 
disappears, the vessels contract, regain their tone, the albuminous 
exudation becomes absorbed, and the patient recovers. 

In cases, however, of dementia after acute mania the state of things 
is quite different. Here the affection begins with irritation of the 
cortical substance, especially of the anterior lobes under the os frontis ; 
this passes under the form of chronic meningitis, which manifests 
itseK only by increased excitability of the patient, into inflammation. 
The sufferers from mania have now great projects j they have become 
rich, play with millions, are generals, kings and emperors, prophets, 
or ambassadors from heaven. There then ensues a formation of 
cells and granular cells, and the cortical substance becomes firmly 
adherent to the pia mater. The blood-vessels become atheromatous j 
with meningitis, effusion of much serum ensues ; the vessels exude a 
more watery fluid and the cortical substance begins to atrophy. It 
becomes paler and thinner, and true dementia, which is absolutely 
incurable, follows the previous excitement. 

Thus, although the phenomena may be the same, as in both cases 
there is compression of the cortical substance, the latter after mania 
and the coexisting inflammation passes rapidly into degeneration, 
and the disease becomes incurable ; while in epilepsy, the vascular 
dilatation, which is only occasionally promoted by an attack, may 
last for a long time without producing active degeneration. I have, 
as I shall hereafter more fully state, seen cases of a high degree of 
silliness and dulness in consequence of epilepsy, from which the 
patients have completely recovered. Although this may rarely be 
the case, the instances I allude to are sufficiently numerous to establish 
the proposition I have advanced. 

It is important to remaik, in close connexion with this subject. 
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that in patients epileptic in a very slight degree, where absence of 
mind took place almost alone, without convulsions, where, therefore, 
the brain was more directly affected than the medulla oblongata, I 
observed stupidity, diminution of memory, incapability of continued 
thought, or of comprehending anything, to arise much more rapidly, — ■ 
than in cases where spasms were constantly repeated without loss of 
consciousness. In a case of constant spasms, with occasionally, for 
example, once a fortnight, an epileptic attack, which now at length 
appears likely to recover, and where this state has already lasted 
several years, the patient's condition has had absolutely no injurious 
influence on his mental powers, but has allowed him to pursue his 
studies with much success ; while in two other cases, where young 
girls of about the same time of life as the first patient, about twenty 
years, had suffered for scarcely a year from similar absence of mind, 
alternating with some singular fits, the patients, even at the end of 
six months, began to complain of loss of memory and dulness of 
mind. Accordingly, the longer the sleep lasts after each attack, and 
with it the severe congestion of the cerebral vessels continues, so 
much the more injuriously does epilepsy act on the mental powers, 
so much the more rapidly does dulness ensue. 

After I had prepared these tables, and had drawn from them the 
conclusions just now communicated, it occurred to me that it was 
of especial importance to know whether the patients had all died in 
a fit or not, as this must of course exercise a great influence on the 
dilatation of the vessels. On adding the mode of death in the ob- 
servations, the surprising result struck me, that all the five epileptic 
patients mentioned in the second table B, in whom the degeneration 
predominated in the region of the vagus, and in whom the vessels in 
the path of the latter were more dilated, and who did not bite the 
tongue, had died in a fit, probably because the mechanism of respi- 
ration was in them more severely implicated, whereby they were 
suffocated. Of the nine epileptic patients in table A, who bit the 
tongue in an attack, and where the affection appeared to be confined 
more to the corpora olivaria and to the hypoglossus, only one died 
of the results of a paroxysm, and that precisely the patient, in whom 
the blood-vessels in the course of the vagus were much more dilated 
than in any other in the first table j while all the remaining patients 
in this table A, where the vessels in the path of the vagus were 
narrower than in that of the hypoglossus, died of consumption, ex- 
haustion, or diarrhoea, among whom one was affected with difiiculty 
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of swallowing. This remarkable result shows still more forcibly 
the importance of the different degrees of dilatation of the vessels. 

Hence it also appears, that PoviUe did not express himseK cor- 
rectly when he so strongly and decidedly asserted, that nothing 
characteristic of epilepsy can be found in the body of an epileptic 
patient who has died during an interval, of another disease.* The 
dilated vessels in the track of the hypoglossus and the corpus 
olivare prove the contrary; in No. 3 of the first table, the vascular 
dilatation was even uncommonly great, although this patient died 
of diarrhoea and exhaustion. 

• See above, pp. 232 et seq. From the case last observed, communi- 
cated in the note to p. 246, it appears that increased vascular dilatation 
may be present in the path of the hypoglossus and in the corpora oli- 
varia, without bitiag of the tongue ; however, here, too, the fact stated in 
the text is confirmed, as this epileptic patient, in whom there was little 
vascular dilatation in the course of the vagus, did not die in a fit. As we 
have here entered on an entirely new field, subsequent observations will 
no doubt disclose further peculiarities. 

In the case of an epileptic woman, the report of which, with the medulla 
oblongata of the deceased, I received after my Treatise was printed, the 
vessels adjoining the corpus olivare were 0.410 mm. in diameter; in the 
course of the hypoglossus, they were 0.230 ; and in that of the vagus, they 
were 0.127. The patient bit her tongue from time to time, and did not die 
in a fit, but collapsed and sank from exhaustion., This case may, therefore, 
be adduced as additional evidence in favour of the views put forward in 
the text. 
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CHAPTER IV. 

ON THE MEDICAl TREATMENT OP EPILEPSY. 

Imperfect as is the present state of our knowledge of the patho- 
logical anatomy and proximate causes of epilepsy, and of our 
acquaintance with the connexion of the several influences which are 
capable of exciting and maintaining the disease, the condition of the 
medical treatment of this miserable malady is equally, if not stiU 
more defective. 

In no department of medicine does a more rude empiricism 
prevail. All kiads of secret and open remedies are tried without 
distinction, and a proper rational treatment, of which there is such 
great need, can scarcely be said to exist ; a state of things dependent 
on total ignorance of the nature and essence of the disease, as weU. 
as of the causes which excite it, and of the peculiar morbid changes 
which keep it up. Everything rests upon loose conjectures, upon 
the temporary fame — now of this, now of another remedy ; in fact, it 
has often appeared to me that many physicians, when called on to 
treat epilepsy, take refuge in a great box full of all kinds of 
medicines, among which those whereof they know not even the 
ingredients, occupy no small place. Now, they close their eyes, 
grope blindly in the box, take out a remedy, and compel the 
unfortunate patient to venture the shght chance that, among the 
hundreds of remedies contained in it, this is exactly the one suited 
to his state and the nature of his illness. Meanwhile the first period, 
in which this disease, Hke Insanity and other affections of the nervous 
system, may be cured, passes by unhappily and unused. 

If a physician has had the rare good fortune, by means of any 
remedy, for example, flowers of zinc, nitrate of silver, ammoniated 
sulphate of copper, or indigo, to cure an epileptic patient, and if he 
be asked, what he has accomplished with his remedy, how it has 
worked in the system, and what change it has produced, to which 
the patient's recovery should be attributed, he shrugs his shoulders 
and thinks it is enough that the patient is restored, and that he is 
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thereby justified in treating all subsequent epileptic cases with the 
same remedy, from which he once thought he saw so much 
advantage derived. 

I need not say that such a mode of treatment and such vieWs 
differ widely from rational practice and theory, nor are they in 
harmony with the present position of our knowledge of the 
functions and connexion of the nervous system. 

Par as I am from being able to undertake to cure every subject 
of epilepsy — as unhappily the majority, after having in vain emploved 
all kinds of remedies, at last seek assistance when the period of 
recovery is already past — I am convinced from five and thirty years' 
experience in the examination and treatment of very many epileptic 
patients, that in the commencement, as I have just now stated, 
epilepsy is a disease which, at least in the great majority of cases, is 
very capable of rational treatment. 

In order briefly and clearly to explain the principles of such 
treatment, as it is not now my object to. write a manual on epilepsy, 
I may refer to the leading points brought forward in detail in this 
work, in which the essential nature of epilepsy consists. 

We have seen that this is to be found in an exalted sensibility 
of the medulla oblongata, rendering the latter liable to discharge 
itself through the operation of any irritant, whether cerebral, from 
inflammation or tubercle, which may have developed itself in the 
brain ; or through psychical influence. We have also seen, that irrita- 
tions in the intestines, or of the organs of generation have a powerful 
reflex action on the medulla oblongata, and by their exciting 
influence may produce epilepsy. 

It is, therefore, of the greatest importance to remove, or to 
diminish this exalted sensibility, this greater or less congestion in 
the meduUa oblongata, and at the same time to get rid of the remote 
cause, which we must endeavour to- discover. 

An example may explain this. A child, for instance, is attacked 
with epileptic fits or convulsions, and the physician discovers that 
the little patient is tormented with worms, which, as is well known, 
often give rise to such diseases in children, though they are not so 
Kkely to produce them in adults as many suppose. The practitioner 
gives one or other anthelmintic remedy, and the remote cau^e is 
taken away ; many worms are voided, and the child recovers. 

Now the physician has indeed fortunately attained his object in 
the recovery of the child ; but can we, therefore, call this treatment 
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perfectly rational ? Hundreds of children are tormented with worms, 
but are not therefore necessarily epileptic ; there must consequently 
be still a nearer, a disposing cause, which has given rise to epilepsy. 
The exalted sensibility of the meduUa oblongata must be moderated, 
without which the child would not have been attacked with epilepsy. 
Now, if the physician had at the same time employed suitable 
external derivative means to moderate this exalted sensibility in the 
medulla oblongata, he might have been said to have treated the patient 
qiyje rationally, and to have combated both elements of the disease. 
In this manner recovery would probably have been more speedily 
and more certainly attained ; for it is not always sufficient to expel 
the remote cause, in this case the worms, to obtain a cure. And, 
nevertheless, this proximate cause of epilepsy, this affection of the 
medulla oblongata is exactly the point to which medical men in 
general pay the least attention. 

On account of the importance of the subject, I will endeavour 
somewhat more distinctly to explain in what manner, in my opinion, 
we can best attain this object, namely, the moderatiag of the exalted 
sensibility of the medulla. 
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CHAPTEE V. 

ON THE MEANS OF COMBATING THE PEOXIMATE CAUSE OF EPILEPSY. 

We have above seen tliat the source of epileptic convulsions must 
be sought in the exalted sensibility of the medulla oblongata, with 
the vascular dilatation and further results to which it gives rise. Con- 
sequently, in a rational mode of treatment, the first question which 
occurs is, in what manner we can moderate and wholly overcome 
this abnormal sensibihty ? 

I have tried many remedies, with a view of directly obviating this 
exalted sensibihty and tendency to involuntary reflex movements. Or- 
dinary narcotic medicines, opium, morphia, belladonna, hyoscyamus, 
&c., did not fulfil this object : indeed, more or less congestion of the 
head attends the use of these remedies ; which must rather aggravate 
the tendency of the vessels in epilepsy to dilatation and congestion, 
in consequence of which these agents do not act advantageously in 
that disease. But there is stiU another and greater difficulty. The 
question is not to remove exalted sensation, or pain, for these do nol 
occur in epileptic patients ; but to moderate the exalted capacity for 
reflex action, and so to counteract the convulsive movements. Now 
sensation is, indeed, blunted by these narcotic remedies, but on the 
contrary, the capacity for reflex action is exalted by them, so that 
they tend to a greater evil, the production of convulsions. We must 
clearly distinguish between these two conditions. Thus, for example, 
chloroform removes the perception of sensation, but the capacity for 
reflex action is usually increased by it, just as in a frog whose head 
has been cut off, where no perception exists, but the reflex move- 
ments have become so much the more active. Thus too, epileptic 
attacks are usually so much promoted by chloroform, that this agent 
has been recommended as a means of distinguishing true from 
feigned epilepsy ; and in the few cases in which I have tried chloro- 
form, I found severe epileptic attacks to ensue, which deterred me 
from its further use. I now flattered myself that I should attain my 
object by another medicine. 
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We are aware that strychnia exalts the capacity for reflex action 
in an extraordinary degree, and gives rise to spasms, and finally to 
violent convulsions and tetanus. Now it is well known, that if we 
give strychnia to animals, so as to produce convulsions, and then 
administer conia, these convulsions cease, and the animal becomes 
immediately paralyzed. Conia, Uke some other medicines, does not 
excite convulsions, but appears to destroy the activity of the spiaal 
cord, the animal sinks down paralytic and dies. I flattered myseK 
that a small dose of conia should therefore diminish the reflex 
capacity for epilepsy, and that I should thus have found a means of 
directly removing the proximate cause of the disease. 

I now gave this remedy to three epileptics of long-standing 
(among whom was an unmaried woman aged thirty), who wereall 
attacked every eight or eleven days, sometimes at longer, sometimes 
at shorter intervals, with violent epileptic fits, and with whom I had 
already in vain tried several remedies. I prescribed a thirtieth of a 
grain of conia three times a-day. So early, however, as on the second 
and third days I was obliged to give up this medicine j as in all 
three patients the attacks were increased so very much in severity 
and number, that several violent fits occurred in one day. I saw 
that the reflex action was not diminished but exalted by the drug, 
and that I had tried a most injurious medicine in epilepsy. This 
restrained me from any further experiments with such remedies. 

Many years before I had endeavoured in another manner 
to act directly upon epilepsy. Por, as a sufficient afilux of arterial 
blood is required for every exercise of the nervous system, I imagined 
that by moderating the vascular action, I should diminish the deter- 
mination of arterial blood, and so be able indirectly to counteract 
the exalted sensibility of the spinal cord. With this object I pre- 
scribed digitalis for several epileptic patients ; and in fact perceived, 
that the attacks were in some remarkably abated, when the pulse 
had become slower. I found that for this purpose an infusion of 
digitalis acted better than the powder. In one case, where no dimi- 
nution of the attacks nor of the pulse followed the administration of 
powdered digitalis, the fits ceased for six months, imder the cau- 
tiously continued use of an infusion of the herb. Subsequently, 
however, they returned, in consequence of onanism, to which the 
patient had anew addicted himself, and which appeared, moreover, 
to be the cause of his epilepsy, and now the digitahs had no longer 
any effect, perhaps on account of changes and vascular dilatation 
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in the medulla oblongata^ resulting from the last attack. The 
patient afterwards fell into a state of complete dementia, with 
incurable epilepsy. This postponement of attacks I have observed 
in several epileptic patients under the use of an infusion of digi- 
talis ; but I have not succeeded in curing a single case of epilepsy 
with digitalis alone. The remedy may, therefore, promote the cure, 
but is not powerful enough to accomplish it alone. 

There remained now but one mode of attaining my object, namely, 
the use of external derivatives. And in fact, these are the remedies 
with which I have succeeded in curing several epileptic patients, 
among whom were even some old and desperate cases. So long as 
more than thirty years ago I had made use of them, when I was 
resident physician in the Suburban Hospital at Amsterdam, and I 
had occasionally seen benefit from their employment. Subsequently, 
however, after I had gradually recognised epilepsy as a disease of 
the medulla oblongata, the success of the more suitable application 
of these derivative remedies was more decided. 

Formerly, I appHed the derivatives to the crown of the head, and 
I have in fact in this mode obtained some surprising results in cases 
of very long-standing, where the brain- itseK was already affected, as 
I shall hereafter point out. 

But the derivative applications answered better stiU, especially in 
more recent cases, in the neck, whether as an issue, or as a seton 
placed as high as possible. Sometimes, nevertheless, I observed that 
in very sensitive patients the application of a seton caused too great 
irritation, so that at first an increase of the attacks ensued, which, 
however, after the application of cupping-glasses with scarification, or 
of leeches, and under the use of an infusion of digitalis, or of a solu- 
tion of tartar emetic, in a little time disappeared. Por these reasons, 
I commonly commence the treatment in sensitive patients with an 
issue, which I afterwards change for a seton. 

If the patients are at all plethoric, the repeated use of cupping 
with scarification is very necessary, and is to be preferred to the 
application of leeches. By this alone I have often seen the attacks 
remarkably diminished. If the employment of cupping-glasses is 
dif&cult in children or sensitive women, I apply in two or three 
places, high in the neck, two leeches, near one another, and after they 
fall off I exhaust the blood by placing elastic cups over the bites, 
which, particularly in children, on account of the shghtness of the 
neck, must be provided with a rather narrow opening. In this mode 

s 2 



260 TREATMENT OF EPILEPSY. 

I have obtained the more strongly derivative action of cupping- 
glassesj while I have avoided the soaking, and the increased con- 
gestion of blood occasioned by warm poidtices. 

In proof of the efficacy of this mode of treatment, I will commu- 
nicate a couple out of several cases. 

On the 26th of December in last year, 1856, I received from 
"W., of Koevorden, a letter, in which he requested my assistance and 
advice for the recovery of his son, of whom he gave me the following 
detailed report : — 

" His son was strongly-bmlt, eighteen years of age. Up to the 
age of four years, he was healthy, although full about the head. 
At this period, he was seized with a severe convulsive attack, which 
left behind it a comparative amount of dulness. At the age of six 
or seven, he had again recovered j he was, however, always bronch- 
itic, and was often tormented with a convulsive cough, which was 
of such a nature that coming from school he was entirely or almost 
out of breath. This shortness of breathing and cough could be re- 
lieved only by rubbing or slapping him rather smartly on the back. 

"Although frequently coughing, and very much troubled with 
mucus in the nose, at the age of twelve or thirteen he improved ; 
on which account he was sent to school, whence, after a continued 
stay of two years, he returned home in good health and spirits on a 
visit to his parents. On subsequently going back to school, he was 
very much affected and dejected, and was again much annoyed with 
mucus. (To the impression made by his separation from his family 
the father ascribed the following changes for the worse in his state, 
which had, however, probably previously commenced, and had altered 
his sensibility.) 

"After the lapse of a short time, he began to complain of vertigo, 
which increased so much that he often fell down in a state of un- 
consciousness, while his bronchitic tendency remained unaltered. 
He now abstained from schoolwork ; but, in spite of the rest, the 
vertigo increased, his falls became more frequent, and the master 
was obliged to send him home. 

" On his arrival at home his state was as follows : — very often he 
was silent and reserved, stood up on a sudden from his chair, 
knocked about with his legs and arms, ran hastily some steps up and 
down in the room, sat down again on the chair, resumed his work 
anew tolerably calmly, and if this happened at meal-time, he recom- 
menced eating, as it appeared, with appetite. 
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"On being asked what was the cause of this behaviouTj he 
answeredj ' It seems as if some one called to me, William ! come 
quickly, quickly ! ' This was all he could say about it, he did not 
speak of pain. (There were, therefore, hallucinations of hearing, 
probably from congestion in the medulla oblongata and the nucleus 
of the auditory nerve.) He was, however, not conscious when this 
attack came on ; but he quickly came to himself again. At present, 
this is unfortunately not the case. 

" The attacks here described, about three and a haK years ago, 
had much of the character of St. Yitus' dance, now they have be- 
come of a worse description. The medical treatment has as yet 
led to no favourable result. The father now wished to leave the 
case to nature, closely watching whether the use of the last piUs 
(nitrate of silver), should subsequently have any beneficial effect ; 
but he was persuaded first to consult me. 

"These attacks on one occasion ceased for a longer time, as in 
1855, when the patient continued free from them from the 1st of 
January to the middle of June, and during that time went to school 
and church. But he was then terrified, by a fire in a null, on which 
the attacks were renewed in a more violent form, and have now con- 
tinued for a year and a half with some intermission. During the 
past summer (of 1856), he was once more for some weeks free, when 
on a hot day, after he had again became bronchitic, and was 
coughing, running hastily towards one of his relatives, with his head 
congested, he was seized with a most violent fit. 

" The attacks, as they latterly took place, are thus described by 
the father : — 

" In the attack the patient becomes first a little abstracted, begins 
to move his arms and legs, usually catches violently at his head and 
abdomen; the whole body is in a state of convulsive movement; 
in addition, rigidity of the arms and legs comes on, so that if not 
watched he would fall down. He often foams at the mouth, the 
forehead is hot, a rather violent pulsation comes on in the pit of 
the stomach, the whole position in which the patient lies presents 
much of a bad convulsive character. There is also turning of the 
head and arms; the mouth is awry and usually open; the eyes 
going up and down, mostly wide open ; the face is purplish. Gen- 
erally after one or two minutes he begins to cough, and then the 
great urgency is mostly over. Dulness, deafness, and drowsiness 
now ensue, lasting at most a quarter or half an hour; the patient 
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then sighs or yawns violently ; the pulse is unsteady ; the want of 
consciousness produced by such an attack continues, and the articu- 
lation has been for fourteen days more difficult, slow, and sometimes 
stammering. His intellect is still occasionally clear; but the 
fatigue which follows the attacks often obscures it for a time. He 
eats slowly, and it would appear that swallowing is difficult. (Evi- 
dent congestion in the corpora olivaria.) 

" After the end of the attack, the patient turns his head usually 
to the right, and appears to fix his eyes on some particular object ; 
he rectifies this, however, when his attention is called to it. The 
stiffness of the arms and legs is always present in the attacks. 

" On the very least exertion, even on the most trifling question 
being put to him, or on the slightest reflection, an attack generally 
ensues, sometimes violent, sometimes less severe. The patient's 
mouth is frequently in motion ; he seems to chew or grind his teeth ; 
this is not a good sign. (Commenciug affection of the medulla 
oblongata.) If this happens late in the evening, it often forebodes 
a restless night, together with attacks. He has little sleep, as little 
by day as by night. (Irritatio cerebri.) The attacks by day come 
on from ten to sixteen times, by night three or four times. It de- 
serves to be noticed, that at stool he almost always has an attack 
(from straining and congestion). When the attack has passed off, 
he makes the motion of swallowing, as if there were some irritation 
in the throat, and this precedes the cough; afterwards he groans, 
and the mucus is audible in the chest." 

I have thought it right to give this history in extenso as it is re- 
ported by the father, though not a medical man, with more than 
ordinary fulness and fidelity. Some days later I received, at my 
owTi request, a letter from the attendant physician, in which I found 
the foregoing confirmed, and observed that he had fruitlessly used 
different remedies, among which were anthelmintics, and latterly, 
nitrate of silver, so usually given to epileptic patients. No indication 
of onanism, in reference to which I made inquiry, was discoverable ; 
but all the members of the family were of a very nervous temperament. 

I advised the physician to apply cupping-glasses, with scarification 
to the neck, every four or five days ; and when there was great con- 
gestion, to apply leeches to the nostrils, and perhaps also to the 
anus, as well as to establish an issue in the neck, with a view to 
change it subsequently for a seton, as I was afraid of too great irri- 
tation from the latter remedy at first. Internally, I prescribed an 
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mfusion of one scruple of digitalis in eight ounces of water, two 
spoonfuls four times a-day, with smaU doses of tartar emetic if the 
patient could bear them without nausea, in order stiU further to mo- 
derate the excited vascular action. In addition, I recommended 
that a cold douche to the head should be used at intervals during 
the day. 

On the 20th of January, I received a report that the cupping- 
glasses had been applied three times to the neck, and, as I had 
suggested, iu a couple of days after the first application the issue 
was established. The result was, that, from the 8th of January the 
attacks, instead of fifteen times, had appeared but once or twice a-day. 

On the 11th of Pebruary^ was informed that, under the con- 
tinued use of the means employed (the issue with digitalis and tartar 
emetic, which he bore very well), the patient had, on the 22nd of 
January, an attack, on the 25th one, on the 29th one, on the 1st 
of February one, and that no attack had since manifested itself. 

In accordance with my former letter, the physician in attendance 
had been anxious to change the issue for a seton ; but the parents 
could not be induced to allow it. However, on the 1st of Pebruary 
a carbuncle or anthrax had begun to form in the neck, iato which 
a crucial incision had been made, and which now suppurated very 
well j so that nature herself had estabHshed a stronger derivant than 
the seton, to which the rapid and total cessation of ihe attacks is, in 
my opinion, partly attributable. The report added, that siuce that 
time the patient had become clearer in his mind, that all the functions 
were regularly performed, except that for a couple of days there 
were cramps iu the lower extremities. I advised that the suppuration 
of the carbuncle should be kept up, and that an issue should be 
afterwards substituted for it; insisted upon a moderate diet, es- 
pecially in the evening, as well as on exercise in the open air, and 
advised that the medicines should be continued. 

On the 16th of March I had a report that the attack had not 
returned, the carbuncle in the neck was nearly well and an issue 
had been again estabHshed. The douche was still persevered in ; 
but the iatemal medicines had been given up. The patient was 
well ; no mention was made of cough or mucous expectoration. 

In the end of the following month of April, I was informed of 
his complete recovery.* 

• According to a report received at the end of last December, the 
patient continued well through the whole summer, without any further 
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Although the time the recovery has lasted may be considered 
short, I have thought this case very important as an example of 
idiopathic epilepsy, for which at least I could discover no 
remote cause; and at the same time on account of the undoubted 
and rapid restdt of the rational treatment, after the disease had 
already attained to such a height, accompanied, as it was, with 
jnany threatening symptoms. I should therefore hope that if my 
advice as to moderate living, exercise, keeping the issue open, and 
employing a douche to the head, be followed, the patient wiU com- 
pletely recover, the more so as his mental powers are much improved. 

If we now foUow carefully the whole course of this case, we shall 
find a complete explanation of the phenomena, according to the 
principles above laid down, as arising from an aifection of the 
medulla oblongata. 

medlcme, but in the end of November, having become corpulent and more 
plethoric, he was unexpectedly seized with a tolerably severe fit, which 
was subsequently followed by repeated attacks of spasmodic cough, and 
by returns of his former symptoms. Tartar emetic had been again em- 
ployed, but no cupping-glasses, nor any derivative applications, on which 
I have laid great stress, were used. It is now two months since I have 
heard of him. 

From accounts received since the publication of this Treatise, it appears 
that the patient's condition became worse and worse, so that he again bad 
several fits in the day, and fell into a state of complete dotage. The issue 
had been closed in the month of May of the preceding year. The' use of 
digitalis, tartar emetic, and leeches to the anus was of no avail, and his 
parents obstinately opposed the insertion of a seton. On the 23rd of 
April, I prescribed for him four grains of flowers of zinc five times a day, 
with a view of increasing the dose. The attacks persisted. On the 30th 
of April, the seton was at last inserted. 
There now followed on the 1st May six attacks. 
2nd „ one. 
3rd „ one. 
4th „ two. 

5th ,, one very severe attack, 
17th „ one. 
26th „ one. 
not return ; so lately as the day before yesterday, 
the 8th July, 1858, I received a confirmation of this result. The patient's 
mental powers are again improved, his former irritability of temper has 
settled down ; he is once more at work ; takes long walks, and thus appears 
a second time likely to recover ; the seton produces abundant suppuration. 
A stronger proof of the advantage of the early employment of active 
derivatives could scarcely be desired. 



After this the fits did 
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The foiuidation of the disease must be sought, in addition to the 
hereditary tendency of a very nervous family, in the violent 
convulsions, in the fourth year of the patient's life, which, whatever 
may have been the exciting cause, proceeded from the medulla 
oblongata, indicating a high degree of irritation of that part, with 
great determination to the head. The abundant secretion of mucus 
and the cough are however remarkable. 

I have elsewhere shown that very often diseases of the chest, 
even phthisis, are results of an affection of the medulla oblongata, 
and of the vagus, which in this case acts eccentrically.* Hence it 
is, that in the same family phthisis so often occurs in some children, 
while others are affected with insanity, and that many cerebral 
lesions, especially softening, in which the medulla oblongata at last 
commonly participates, terminate in thoracic diseases and pneu- 
monia. In the present instance this connexion is very evident j 
experience taught the parents at a very early period, that rubbing 
and even slapping the back, were the best means of relieving the 
cough, and thoracic spasm. We observe further, that the increased 
secretion of mucus and cough always preceded the attacks, and when 
the medidla oblongata had again discharged itself, diminished and 
disappeared. Subsequently, some cough followed every attack. 

The incipient affection of the medulla oblongata was also 
evidenced by the grinding of the teeth preceding each attack. The 
progressive implication of the same part, probably the result of the 
considerable vascular dilata|.ion in the corpora oHvaria, manifested 
itseK latterly in dif&culty of speech and swallowing, while the affection 
of the extremities seemed to be rather secondary. The importance of 
the medulla oblongata in epilepsy is therefore clearly shown in this 
case, and is further illustrated by the powerful effect of treatment 
directed towards this part. 

I could communicate several cases of six or seven years standing, 
where, under a similar treatment, recovery has so far been permanent ; 
of stiU earlier cases I may suppose that the cure was also lasting, as 
I have heard nothmg of any subsequent relapses. On account of 
the importance of the subject, I wiU, however, add another example. 

During the latter half of December, 1851, my assistance was re- 
quested by a young man of about seventeen, whose brother had been 

* Case of atrophy of the left hemisphere of the brain, in the Ferhande- 
lingen der Eerste Klasse van het Ron. Ned. Inslit. 3' Reeks V. D., 1852, 
p. 67. 
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for some years rmder treatment in an Asyliun for tte Insane on 
account of violent epilepsy, arising from onanism, and who was con- 
sidered to be wholly incurable, and in the highest state of dementia. 
My patient acknowledged that he too was formerly addicted to this 
vice, but added, that for the last year he had abstained from it, but 
was often tormented with nocturnal pollutions. He had been for the 
first time unexpectedly seized with an epileptic attack on the 16th of 
November, 1850 j from which date he remained free until the 1st of 
March, 1851; the subsequent attacks took place on the 26th of 
July, the 7th of September, the 19th of September, and the 7th of 
December. 

Formerly healthy, and of an active disposition, he had during 
the last half-year gradually become dull and silent; mental exertion 
was a labour to him, his memory was impaired, rendering him unable 
for the proper discharge of his duties in a counting-house, and par- 
ticularly unfitted for calculation. In other respects, all his functions 
were normally performed. 

I advised the repeated application of cupping-glasses with scarifi- 
cation to the neck, and the subsequent introduction of a seton. 
Internally he used, to moderate the action of the vascular system, 
tartar emetic in powders, which he bore very well. Subsequently, 
cold effusions on the neck and a douche to the head, with a mode- 
rate diet, were prescribed. 

On the 31st of January following, I was informed that the cupping 
had been repeated once a week, and that in the intervals dry cupping- 
glasses had been several times applied to the neck ; nevertheless, on 
the 8th of January the patient was again seized with an attack, as 
violent as those which had formerly occurred. Although he now 
lived very regularly, and was no longer addicted to masturbation, he 
had latterly agaia been much annoyed with nocturnal pollutions, 
even on one occasion recurring on four consecutive nights, mthout 
any discoverable external influence j suspecting that great conges- 
tion of the vesiculse seminales promoted these emissions, I advised 
the application of six leeches to the perineum, and internally an 
infusion of digitalis with dilute sulphuric acid— subsequently to 
place a seton in the neck. 

On the 5th of February it was reported, that notwithstanding that 
cupping-glasses with scarification had been applied to the neck two 
days previously, he had, on the 2nd of that month had a fresh attack 
of epilepsy, which was, however, diminished both in violence and 
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duration j the leeches had not been apphed to the perineum. At 
the same time the physician in attendance informed me, that 
although the patient was habitually healthy, in some weeks after a 
preceding epileptic attack various unpleasant affections began to 
manifest themselves, as headach, mental depression, spermatorrhoea, 
&c., &c., ending in an epileptic fit, after which his state again became 
normal. This had also been the case on the present occasion. 

Subsequently, on the 11th of April, I received a fresh report. On 
account of some tenderness in the neck, the insertion of the seton 
was still deferred, but was at last performed on the 27th of 
February. The results were very favourable ; not only did the attacks 
not return, but the nocturnal pollutions were remarkably diminished, 
recurring only once or twice in the week. On a single occasion they 
took place on the alternate nights. 

Three weeks before, the patient's state had caused apprehension of 
an approaching fit. He was dejected, his breathing was oppressed, 
he was melancholy, weary in his limbs, and very uncomfortable. 
There were no objective phenomena of any disease ; the physician had 
therefore satisfied himself with watching the above symptoms, and on 
the following day they had aU disappeared. Purthermore, he had 
observed, that the dilatation of the pupil, which had always been 
very considerable, was now much diminished. He stiU contiaued, 
with an interruption of some days, the infusion of digitahs with 
sulphuric acid. 

In the following month I received a visit from this patient, when 
he thanked me for my advice, as he had still continued free from 
the attacks. His face appeared much clearer, his spirits were more 
lively, his business, in which I stiU recommended him to be very 
cautious, was easier to him. 

• In August in the same year, he came to pay me another visit, 
feeling extremely happy at his recovery. He had for a considerable 
time been again daily occupied at his office, without suffering any 
inconvenience from his attendance. The nocturnal pollutions had 
become very infrequent, and did not occur ofteuer than is usual at 
his time of Hfe. He still kept the seton always open, he had already 
two months before discontinued the digitalis and sulphuric acid. He 
now went for change of air to a country place belonging to his aunt. 
Ten days after he returned to me completely depressed and melan- 
choly ; he was quite disappointed, had lost aU hope of recovery; for 
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lie had again had a severe attack, early in the moming, after a disturbed 
uneasy sleep interrupted by dreams. 

On making inqxiiry as to the exciting causes, I found that the 
evening before he had been regaled with rice and boiled milk, to 
which he was not accustomed, and although he had already eaten 
enough, had allowed himself to be persuaded by the hospitality of 
his hostess to take a second portion. I set him at ease, by explaining 
that he was indebted for this attack solely to the immoderate use of 
this not very digestible food ; impressed upon him the necessity of 
moderation for the future, especially in the evening, when he ought 
to eat scarcely anything, particularly as the fit usually came on 
towards moming, as is the case with many epileptics. He was to 
continue the use of the setou. I subsequently learned, that at the 
end of six months he had another attack from an accidental cause, 
since which time to the present he has continued perfectly well ; the 
seton has been kept up for about a year and a half. 

This case too, is in many respects important. The close connexion 
between nocturnal pollutions and epilepsy is in it very remarkable. 
Onanism is commonly considered, and often correctly, to be a cause 
of epilepsy ; but onanism and excitement of the sexual organs are to 
a greater degree than is usually supposed, the result of irritation 
and congestion of the medulla oblongata. 

The opinion formerly advanced by Gall, as to the localization of the 
sexual impulse in the cerebellum, has been sufficiently refuted, and the 
close relation between the meduUa oblongata and the action of the 
genital organs is generally received by physiologists.* Let it sufiice 
to call to mind the occurrence of erection and emission in persons 
hanged, how the sexual action is exalted in idiopathic mania with 
irritation of the brain and medulla oblongata, how, frequently after 
injuries of this part, erection and emission, or perhaps impotence, is 
observed. Kilian succeeded, particularly in pregnant Guinea-pigs 
{Cavia cohayd), in exciting movements in the uterus or tubes, by 
irritating the medulla oblongata.f In the case of epilepsy I have 
just recorded, this influence was very evident ; the emissions disap- 
peared for a time, when the sensibility and over irritation of the 
medulla oblongata had again discharged themselves in a fit. By 
cupping alone the fit was moderated, but this means was not suffi- 
cient completely to overcome it j after the introduction of a seton, 

* See among others Longet, Trmtt de Physiohgk, t. II., p. 201. 
■\ Hcnle, Zeitschrift fur rationelle Medicin. 1851, 1 Heft. 
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only premonitory signs manifested themselves ; but tlie epilepsy and 
excessive pollutions had ceased. It is but a short time since a 
similar case occurred to me, of a young man who was unable to con- 
tinue his studies regularly on account of epilepsy, apparently origi- 
nating in onanism. A few days ago I received a report, that for 
the last three months, after an issue had been, by my advice, esta- 
blished in the neck, neither the involuntary pollutions, which in this 
case also were frequent, nor the epileptic attacks, which commonly 
returned every two or three weeks, had again appeared, while the 
patient's head had become much clearer, and he was able to contiaue 
his studies.* 

This return of clearness of head I have always observed, when I 
succeeded ia checking the epileptic attacks. Not long since, I re- 
ceived an account of a girl, now about five-and-twenty years of age, 
for whom I was consulted seven years ago, for violent epileptic fits, 
which commonly returned two or three times a week, and had pro- 
duced deafness and apparent idiocy, so that she could not appear 
in society. With her, too, I succeeded in overcoming this 
apparently highly unfavourable state by means of a seton in the 
neck, and withia the year she was completely cured of the epilepsy. 
She has now been for a couple of years engaged with much success 
in the education of children in her capacity of governess in a wealthy 
family in England. 

Eare as is recovery from epilepsy of long-standing with idiocy, a 
physician should not be too ready to despair, especially if the patient 
is still young. In such cases, I have twice observed a wonderful 
effect from derivants to the head, which, on account of the import- 
ance of the subject, I will briefly state. 

In the year 1823, having acted for a couple of years as physician to 
the Suburban Hospital at Amsterdam, I was very much struck with 
the number of old epileptic patients there, and as I had seen only 
occasional and very transient advantage from any internal remedy, I 

* While this work was passing through the press, I received the report 
of the case of a powerful plethoric young epileptic patient, in Meerenberg, 
in whom the disease had lasted a year and a half, and who had, in 1854, 
recovered after repeated leeching and cupping of the neck, with the internal 
use of digitalis and cathartics, and had since continued well. I also 
received the history of a second case, in which numerous fits recurred in a 
single day, in a strong young man, cured in the Asylum at Rotterdam, 
by the application of cupping-glasses with scarification, and subsequently, 
of a large blister to the neck. The latter case was under the care of G. 
Vrolik, the zealous physician to the Asylum. 
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wished to try what effect a powerfully derivative application to the 
head might have. I therefore determined to apply to the head, in 
six epileptic patients, all cases of long standing, the actual cautery, 
which, if it is applied quickly and with a steady hand, seems to 
cause scarcely any pain. In all the patients operated on, this was 
followed by temporary improvement, which in some lasted froln two 
to three months. Among them was a lad of seventeen, who had for 
several years been epileptic in consequence of fright, and was now 
nearly idiotic ; he had usually two attacks in the night, and seldom 
remained free during the day. After I had tried different other 
means, I applied, on the 2nd of February, 1823, the red-hot'iron to 
the head, a little above the occiput, without his seeming to have any 
perception of it ; in fact, he believed what I had told him, that I 
was applying a warm plaster to his head. 

On this, the attacks immediately ceased, and after ten days some 
fever set in, probably in consequence of the irritation of incipient 
suppuration under the bum; the patient's countenance was brighter, 
and his spirits were better. He continued free until the 22nd 
of February, when he was seized with two fits, which in three 
days after were followed by another. As his bowels had be- 
come torpid, I gave him a laxative. The fits did not now return ; 
his dulness had quite given way, and he had begun, with much 
success, to learn to write in the Hospital. On the Srd of June in 
that year, however, a very severe storm came on, with the extraordi- 
nary heat of 94° F., in which, after a loud clap of thunder, he was 
anew attacked with a violent fit. The sore on the head had mean- 
while been dosed for the last two months, as the patient appeared 
to be quite recovered. On the 7th, three attacks ensued; on the 
10th two ; on the 11th three. The disease so increased, that on 
the 20th he had no fewer than seven violent epileptic fits. Leeches, 
and even a small bleeding from the arm, which I employed in the 
fear that encephalitis might set in, were of no avail ; the blood was 
not inflammatory. 

I therefore determined to repeat the application of the hot-iron, 
which was done during a free interval on the 20 th. The same evening 
a fit came on, but was much less severe. The 22nd, seven ensued, 
but were much less violent and were shorter. From this time the at- 
tacks were always lighter ; on the 28th, the patient had three attacks. 
While during the more violent fits, a week earlier, he had become 
quite dull and deaf, his countenance now regained its former vivacity, 
his dulness had disappeared, and he began once more to speak very well. 
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Prom this, the attacks began again regulaxly to diminish in 
severity and number, nntil, on the 20th of July, he was for the last 
time affected with a very slight fit. 

Siace this time, his health was quite restored, his mind was clear, 
and he seemed to possess considerable ability for business. I kept 
him under my care until November, when I could no longer oppose 
his wish to advance himself in hfe. Two years later, I found that 
he had made very good progress in his trade, and had not again been 
seized with an epileptic fit. 

On account of its remarkable character, the reader will excuse the 
insertion of one case more. 

Towards the close of the year 1845, my assistance was requested 
by a gentleman from Amsterdam, on account of the unhappy state 
of his son, aged about seventeen, who, after suffering for some years 
from epilepsy, had now become quite dull. His intellectual 
powers were very slight, and he was incapable of doing anything ; 
the attacks, which varied in degree, were of almost daily occurrence. 
Even at an early period of life he had often been attacked with 
violent convulsions, which seem to have laid the foundation for epi- 
lepsy ; I was not informed of any other causes of the attacks. 

After I had treated him for some months with digitalis, flowers 
of zinc, and at the urgent request of his parents, with a so- 
called secret remedy, consisting of zedoary root and dictamnus albus, 
without any advantage, and had, moreover, once appUed leeches, and 
inserted a seton in the neck, without any important change having 
been effected, I at last explained to his father, that only from one 
single plan did any slender hope remain, biit that the chance 
was very slight, and this consisted in making a transverse section 
through the skin, on the crown of the head, and keeping the wound 
in a state of suppuration by the insertion of peas. 

After some time the father consented; the operation, which is very 
easy, and has this advantage over the hot-iron, that it is less 
terrifying, and by the haemorrhage which immediately ensues evidently 
acts as a derivative, was successfully performed. Some days later, 
the father left town with his son, in June, 1846, and hearing nothing 
from him, I looked upon the latter as a lost patient. 

At last, after the lapse of a year, I received a letter dated the 6th 
of July, 1847, in which the father excused himseK for having sent 
me no report, and stated that he had wished first to watch the result. 
The wound ia the head was kept open aU this time. Durmg the 
first three months, July, August and September, 1846, the patient 
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had between sixty and seventy attacks ; in the then prevailiag 
epidemics, he had also been affected with fever, though slightly, and 
for a short time. Later in the autumn, the fits began perceptibly to 
diminish both in violence and number, which improvement conti- 
nued regularly, though slowly, so that in May and June, 1847, he had 
only three or four attacks of but very slight severity. Sometimes he 
continued sixteen or seventeen days free, without any drawback. 

His mental powers, although not greatly developed, were remark- 
ably improved : writing, arithmetic, &c., progressed satisfactorily, 
while he had a situation in a factory. The only peculiarity he manifested 
was tolerably constant irritability of temper. It was, however, 
extremely important that from time to time, instead of an attack, 
haemorrhage took place from the wound with the effect of greatly 
clearing his head. The appetite was good, but moderate, without 
the greediness which had existed at an earher period, when he 
suffered from the violent attacks. 

In the middle of summer, the fits at last whoUy ceased, and 
his clearness of mind progressed. But in the summer of the follow- 
ing year, 1848, the lad caught cold, which produced catarrh, and 
left a persistent cough, becoming more and more obstinate, and 
about which I was at last, in November, called in consultation. I 
was then grieved to find him in the last stage of phthisis pulmonaUs, 
of which he died in the beguming of Decemberof that year. The 
epileptic attacks had not returned. 

From this case it is particularly clear, that idiocy, or apparent 
dementia after epilepsy, is quite a different disease from dementia 
after idiopathic mania, which always depends upon degeneration and 
atrophy of the cortical substance, and is incapable of cure. 

"With respect to the employment of transverse incision on the 
head, I should observe, that this operation is not to be indiscriminately 
adopted. In some plethoric and excitable constitutions I have seen 
congestion, and with it even epilepsy increased by the continued 
inflammation, at least during the first period; but in iadolent 
systems it may be tried as an extreme measure. The incision must be 
made transversely down to the pericranium through a length of three 
or four centimetres (about an inch and half). In this case the edges 
of the wound are separated from one another by the action of the 
frontal and occipital muscles; if the incision be made longitudinally the 
haemorrhage is less, and it is almost impossible to keep the wound 
open. 



REMOTE INDICATIONS. 273 



CHAPTER VI. 

ON THE MEANS OP COMBATING THE EBMOTE CAUSES OF EPILEPSY. 

Important as it may be so far as possible to counteract the proximate 
cause in the medulla oblongata, and thus more directly to control 
epilepsy, this mode of treatment would, however, be very incomplete 
if we rested satisfied with it, and thought we had nothing else to do 
than to apply in all epileptics cupping-glasses, with scarification,* to 
the neck, and to insert a seton. This would be to return to the 
irrational, rude, empirical system of medicine formerly pursued. It 
is unnecessary here to produce any further proof of the effects of 
irritants, even in remote parts of the body, in keeping up the 
sensibility of the medulla oblongata. 

Among all the regions of the body there is none, the brain ex- 
cepted, which reflects more strongly on the spinal cord and the brain 
than the intestines and sexual organs. 

That in children epilepsy arises from worms, is weU known ; but 
it is not true that this statement is equally applicable to adults. I 
scarcely remember to have seen an example of epilepsy in adults 
proceeding from this cause alone, or cured solely by anthelmintics ; 
and, nevertheless, because this is the case with children, who are so 
much more sensitive, it is argued that an anthehr(intic treatment 
must be appKcable to nearly all epileptic patients, whether there be 
signs of worms or- not. Por the sake of brevity, I shall in this part 
touch only upon the principal points. 

The cause in the intestines may consist in some irritation or in- 
flammation of the mucous membrane, whether connected with gastric 
symptoms or dependent on other sources. But it may also be situated 
in a peculiarly exalted sensibility of the -sympathetic and vagus 
nerves, which are the routes whereby the reflex action is conveyed to 
the medulla oblongata. The two causes require different remedies. 
As to the first, it is of much importance. If the irritation of the 
meduUa oblong?,ta is great, epileptic as well as maniacal patients 
will be very greedy; they will overload the stomach, causing 
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increased congestion and redness of the face; a state to be 
especially avoided at supper-time. In sleep, in consequence of 
the slumbering state of the brain, the tendency to reflex action is 
exalted, a condition which occurs also during the use of chloroform, 
whence it is that epileptic patients are so usually seized with fits to- 
wards morning, to which the promotion of congestion by the lower 
situation of the head, may contribute its share. It is for these 
reasons of the greatest importance to keep epileptic patients on a 
strict diet, as without this precaution most remedies directed against 
the source of epilepsy will be unavailing. This I have illustrated 
in the second case, where an attack was excited by a copious meal. 

In some epileptic patients this sensibility of the intestines is exces- 
sively great. In a case of epilepy, in which there was, however, a ten- 
dency to constipation, the administration of a neutral salt as a laxative, 
which irritated the bowels, was sufficient to bring on the epileptic 
fit. After I had kept this patient for a long time free from all 
attacks, the latter returned after he had partaken of shrimps, 
which were too heavy for his digestion. A very prudent diet and 
daily attention tb the bowels are, therefore, primary requisites for 
the success of treatment, and the withholding of all stimulants, as 
wine, spirits, &c., is very necessary. The details of the treatment 
of an irritated state of the intestines can be deduced from the 
general rules of therapeutics.* 

As to the second point, moderating the exalted sensibility of the 
sympathetic nerve, belladonna seems to me to be, of all remedies, the 

* Probably it is by its action on the mucous membrane of the intestines, 
that in some cases the artemisia vulgaris may be useful in epilepsy. With 
it I have sometimes succeeded in gr.eatly retarding the attack. 

I cannot, however, pass over in silence a case communicated to me by 
a physician who had become afraid of this remedy in consequence of 
having, in some instances, found that the attacks remained away for a long 
time, but that a violent fit at last ensued, in which the patient died. It 
hence appears, as might indeed have been expected, that this medicine does 
not remove the sensibility of the medulla oblongata. If this part has once 
attained such a degree of increased activity as to discharge itself from 
time to time, we have already seen, that the longer the attacks intermit, in 
an ordinary epileptic patient, so much the more violent is the fit which 
next ensues, so much the stronger is the discharge. If the physician had 
not acted empirically, but if he had at the same time employed derivative 
applications to the neck, to moderate the exalted activity of the medulla 
oblongata, he would most probably have avoided this unfortunate result, 
and have saved the patient. 
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most satisfactory. This medicine acts specifically on the intestines. 
Thus laxatives, for example, watery extract of aloes, with the addition 
of belladonna, are exceedingly useful in heartburn, spasms, and es- 
pecially in constipation, which long experience and a great number 
of post-mortem examinations, have saftisfa'ctorily proved to me to be 
almost always dependent on constrictions in the descending colon. 
This state, moreover, exercises a powerful reflex action on, the brain 
and medulla oblongata, as is shown by the melancholy with which 
it is so often connected. In these cases, the stricture is removed and 
the laxatives act infinitely better, in consequence of the addition of 
belladonna. I suspect that it is in this the principal use of the remedy 
lies, which is recommended by so many in epilepsy, though they do not 
state the indication for its employment in that disease. I have myself 
seen advantage from it, but I have never succeeded in permanently 
curing an epileptic patient with this drug alone. Among narcotics, 
balledonna appears by no means to produce so great congestion as 
many others ; yet we must avoid too great doses. Opium, on the con- 
trary, very much increases the capacity for reflex action and promotes 
congestion.* 

The same is true of the sexual organs. Although we have seen 
that onanism is often the result of congestion and irritation of the 
medulla oblongata, this does not prevent its reacting most injuriously 
on epilepsy, and so long as it continues, rendering the disease wholly 
incurable. Of this I have above given an example (page 258). 

What I have stated holds good with respect to both sexes ; for 
even among females, this vice is not so rare as is supposed. 
. That amenorrhcea will at the same tune have an important in- 
fluence, as the upward current of blood must, under such circum- 

* In a remarkable case of a young man, who in a fit of despair had 
swallowed a number of lucifer matches, and fortunately recovered by 
vomiting, great sensibility of the stomach remained, and after some time 
epilepsy ensued, alternating with frequent spasmodic cries, in which, with 
distortion of the face and turning his head, the patient uttered involun- 
tary sounds or words. By the cautious use of acetate of morphia, I 
succeeded in curing the epilepsy, but the spasmodic cry has long resisted 
all remedies. In this case the morphia moderated the sensibility of the 
stomach, and thereby prevented the recurrence of the epilepsy as a reflex 
action on the medulla oblongata. I have also seen the intensity of the 
attacks in epilepsy very much diminished by hydrocyanic acid ; in other 
cases the latter did not succeed. The variability in the effects of the me- 
dicme depends on the exciting cause of the epilepsy and not on the remedy. 

T 2 
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stances, be greater, is aufficieiitly illustrated by hysteria and other 
examples. It is especially important that the physician should 
attend to flour albus, which, when long continued, exercises a very 
injurious influence on the nervous system, and frequently leads to 
melancholy, mostly of a religious character, but may also very much 
promote epilepsy. Thus it is likewise remarkable, how uterine con- 
gestion, hypertrophy, and prolapsus may act injuriously. Two 
instances occurred to me of obstinate melancholy with prolapsus, 
where the melancholy gave way at the very moment when the uterus 
was replaced. In epilepsy also this deserves attention, 

I need scarcely add, how important a healthy state of the blood 
is for the due performance of the functions of the nervous 
system, and that in chlorotic constitutions, for this reason, 
preparations of steel are capable of rendering excellent service in 
epilepsy. 

True epilepsy, indeed, rarely occurs from deficiency of blood; 
although various hysterical symptoms and convulsions are connected 
with, and excited by this condition. The experiments of Sir Astley 
Cooper are well known, who by tying the carotids, and com- 
pressing the vertebral arteries in rabbits, produced unconsciousness 
and convulsions.* These causes are, however, so apparent, that no 
physician can easily be mistaken in them. 

Not less important is the opposite evil, which more frequently 
occurs, the too violent action of the vascular system, characterized 
by a full and bounding pulse. It is admitted that general bleeding, 
especially if copious, is almost always injurious in epilepsy, as 
well as in mania. Under the general abstraction of blood, the 
sensibility of the nervous system is exalted, and the fits increase. 

I have almost always found the employment of cupping-glasses 
with scarification, the application of leeches to the nose, and some- 
times to the head, in the last case keeping up the bleeding by 
means of elastic cups (a very excellent method), to be satisfactory, 
and I have never seen any injurious results from this plan. I have, 
also, often seen this mode useful when employed in remote parts, for 
example, the application of leeches to the anus in hsemorrhoidal 
congestion, amenorrhoea, &c. Experience has convinced me that in 

• Astley Cooper, Some Experiments and Observations on tying the Carotid 
aiad Vertebral Arteries, etc., in Guy's Hospital Reports, Vol. I., Loudon 
1836, p. 465. Also in Romberg, Lehrbuch der Nervenkrankheiten, L B., 2 
Abth. p. 567. See also above, pp. 227 et seq. 
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convulsions in yonng children, even where there is a tendency to 
hydrocephalus, it is much more advantageous to place one or two 
leeches on the calf of the leg, than on the neck, or to the head : 
they have in the former situation a much more powerfully derivative 
effect, and give less trouble with the after-bleeding. 

In further moderating this excessive vascular action, I found the 
greatest benefit from tartar emetic alone, in powders or piUs, in 
which forms, on account of its slower absorption, it is less likely 
to produce nausea and vomiting (ia these cases to be avoided) than 
in solution. I have also seen digitalis often render efficient service 
as an auxiliary ia the treatment. 

It is superfluous to say that attention to the state of the skin, 
cold bathing, very cautiously employed at first, much exercise, 
and the regulation of the whole mode of life, wiU be of great 
importance. I have frequently seen the daily use of a cold douche 
to the head advantageous, controlHng the congestion. 

Lastly, what must we think of the numerous far-famed specifics 
in epilepsy ? I have already remarked how sadly we are in the dark 
upon this subject, and how indiscriminately these medicines are 
administered. If, however, we examine into the mode of action of 
some, I believe that we shall be able to form a few rules in 
reference to their use. 

For example, as to the nitrate of silver, with which an epileptic 
patient has now and then been cured (although often as I have 
tried it, I have never been successful), it is certain that the remedy 
does not act on the medulla oblongata. With large doses we may 
excite irritation and inflammation ia the stomach and intestines, but 
not convulsions or symptoms of direct action on the spiaal cord. 
It is, however, well kaown, that nitrate of silver is an excellent 
remedy in irritation, or chronic inflammation of the mucoas 
membrane of the intestines, and as the irritation which exalts the 
sensibility of the medulla oblongata so often starts from this point, 
it is not surprising that this medicine should occasionally be given 
where such a cause exists. It is also known, that by its continued 
use, under which the patients become blue, the latter sometimes, 
though not always, continue free from epilepsy. I have seen cases 
in which great blueness had occurred, but where the epilepsy con- 
tinued. Perhaps the above favourable result is to be explained by 
the fact, that in these instances the nitrate of silver is deposited not 
only in the skin, but, as the kindness of my esteemed friend. 
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Profesor J. van Geims, has shown me, also in the internal parts, the 
peritonseum, especially the kidneys, perhaps also in the nervous 
system, and that it may here produce an alteration in the sensibility.* 
This theory is, however, too doubtful to justify us in running the 
risk of discoloming a patient for his whole life, for the sake of so 
uncertain a result. 

Sulphate of copper, too, of which I have made more use than of 
the ammoniacal sulphate, as the latter appeared to me to be more 
irritating to the bowels, is, as many observations on maniacal 
patients have convinced me, an excellent tonic in weakness of the 
bowels, exciting the appetite, promoting digestion, and counteracting 
the tendency to liquid motions. In epilepsy I have seen no advantage 
from it, and I have but seldom employed it in this disease. 

The action of oxide of zinc appears to be somewhat different. In 
small doses I have never derived any advantage from it ; in large 
doses, given after Herpitfs method, I have, however, in several cases 
seen great benefit from its use, and have even witnessed recovery 
from epilepsy, when the patient had, for example, reached a dose of 
one drachm daily. My experience on this subject does not agree 
with that of J. Moreau, who in his very excellent prize essay on 
epilepsy, states that in nine cases, which he reports at full length, 
he saw absolutely no benefit derived from the employment of this 
medicine.f 

That flowers of zinc exercise some sedative and calming influence 
on the nervous system, has long been known. They possess this 
property in common with many other remedies, which in large doses 
excite vomiting, especially with tartar emetic j the latter, however, 
irritates the mucous membrane more, but also, has a more strongly 
depressing action, while the flowers of zinc do not appear to irritate the 
mucous membrane of the intestines, but to moderate their sensibility. 
In large doses they promote the regular action of the bowels, the 
pulse usually becomes softer. It appears to me, that in this sedative 

* The pia mater and aracVmoid Trere indeed coloured blue, but tjie sub- 
stance of the brain and the spinal cord differed but little from the ordinary- 
colour ; only some parts had assumed a lighl^grey colour. See Verslagen 
en Mededeelingen der Koninkl. Alcad., 3= Dl., 2" St., p. 176. 

[I have, on another occasion, translated the observations of Professor 
van Geuns in reference to this subject, which maybe found in the Dublin 
Quarterly Journal of Medical Science, Vol. XXVI., p. 244. W. D. M.] 

t J. Moreau. De VHiologie de V MpUepsie, Memoire couronnS, in the Ms- 
moires de I'Acadtmie ImpMale de M6decine. Paris, 1834, t. 18, p. 143. 
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power of the flowers of zinc upon the intestines, its occasionally use- 
ful action in some cases of epilepsy resides. I have observed most 
effect from it precisely in those instances where the intestines were 
most sensitive, where irritation in the bowels, whether from slight 
indigestion, or from the use of a laxative, easily occasioned an epi- 
leptic fit. It appears to me to be probable, that the flowers of zinc 
also, although in a peculiar mode, act on the sympathetic nerve; 
while the gently laxative action, whereby under its use in these large 
doses the bowels become regulated, may promote the beneficial effect 
of the remedy.* 

Of indigo and many other so-caRed specifics, I have never made 
use. As their physiological action was unknown to me, I had no 
definite indication for their employment, and without this, such an 
empirical proceeding always appeared to me to be equivalent to 
dealing in a lottery, to which I would not subject my patients. But 
I may add, that in a remarkable case, in which, after an attack of 
local inflammation of the dura mater, the inflammation began to be 
developed also ia the brain, but was successfully combated by very 
active interference, epileptic fits commenced to manifest themselves 
in the course of the treatment. On the accession of such a fit, the 
patient's wife gave by mistake, in place of some spirit she had at hand, 
a bottle with liquid ammonia, which she held under his nose, with the 
fortunate result of cutting short the fit. Subsequently, the patient 

* That the flowers of zinc do not exercise a direct influence on the me- 
duUa oblongata, I had, however, evidence, after I had sent in this Essay 
to the Royal Academy of Sciences. A highly esteemed physician to 
one of our institutions for the insane, to whom I had recommended the 
use of large doses of this preparation in epilepsy, experienced excellent 
effects from it in several patients. In three or four, to whom he had 
given the remedy to the amount of eighty grains daily, the attacks were 
remarkably diminished in number and intensity, and the patients were im- 
proved. One patient, however, whom my friend had shown me as appa- 
rently recovered, had had no more attacks, but, according to a later report 
received from the physician, had got such violent convulsions, that he 
despaired of her life. Under the use of cold applications to the head, 
cupping to the neck, and subsequently of arnica, she fortunately recovered. 

He further communicated to me, that one of his extern patients at the 
institution, whose epilepsy had already lasted five years, had, under the 
daily use of eighty grains of flowers of zinc, continued for two months 
free from any attack; so that he already flattered himself with the 
prospect of success, when his patient unexpectedly got such a violent fit, 
accompanied with expectoration of blood, as had never before occurred. 
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completely recovered from both affections, and still continues^ after 
a lapse of twenty years, quite weU. But certainly caution would be 
necessary with this remedy. 

Should these observations and hints tend to cause physicians, by 
adopting clearer views of the true nature and origin of epilepsy and 

This attack passed into sopor and paralysis of the lungs, and terminated 
after some hours in death. 

In this case, therefore, what I had before observed with the flores 
artemisiae, took place. For want of discharging itself, the nervous power 
seemed to have accumulated so much in the ganglionic cells of the me- 
dulla oblongata, that at last a fatal explosion ensued, which would not 
have been the case if the flowers of zinc had been able directly to moderate 
the exalted action of the medulla oblongata. I wrote back to the phy- 
sician, that if he had in these cases placed a strong derivant in the neck, 
most probably this fatal result would not have occured. 

In none of the patients had this large dose of eighty grains any injurious 
effect upon the bowels. 

I therefore think we may assume, that the flowers of zinc in these cases 
of epilepsy, moderate or destroy the sympathetic or remote action on the 
medulla oblongata, and so diminish or stop the attacks ; but that, if in 
cases of longer standing the tendency to increased action in the ganglionic 
cells of the medulla oblongata has become habitual, this remedy cannot 
prevent its explosion, and it is, therefore, always of the greatest importance, 
at the same time to place a powerful derivant in the neck. 

The investigations of Dr. Kroon, of Amsierdam, in reference to the use 
and action of lactate of zinc and valerianate of atropia, are important. See 
his Dissertation on Epilepsy (Over Epilepsie, ^c.) 1859 ; the following is a 
summary of his results : — 

Of twenty epileptic patients, three recovered under the use of lactate of 
zinc ; eleven were improved ; in six it was inactive. The three who 
recovered were imder the age of sixteen, and in them the disease was of 
recent occurrence ; the fits commenced with an aura; all three bit their 
tongues during the attack ; they were all very excitable, and the epilepsy 
was sympathetic, in two, the aura started from the digestive, and in one 
from the sexual organs. Of the eleven who were improved, eight were 
women, all immarried; three were men. Of the eleven, ten bit the 
tongue. The treatment was continued during five months. Of these 
eleven, six continue so much better as to afford hope of recovery. 

The six patients (five women and one man), in whom the remedy was 
unavailing, were all cases of long standing, and what is remarkable, five 
of them did notTjite the tongue ; in four, the epilepsy had originally been 
hysterical, but had subsequently become idiopathic, with extremely violent 
fits. 

, The author hence infers : — ] . That lactate of zinc acts most favourably 
in young patients, in whom the disease is of recent origin. 2. The remedy 
deserves to be recommended in many cases of sympathetic epilepsy, par- 
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of the more rational mode of treatment based tliereon^ to forsate the 
rude and empirical system hitherto in vogue, and at the same time, 
by investigating the peculiar mode of action of remedies, to increase 
the stock of rational means, and so to lead to a more successful 

ticularly where disturbances in the digestive or sexual organs have given 
rise to the attacks ; it is particularly useful in hysterical epilepsy. In 
cases of long standing it is inefBcacious. Disseriatie, pp. 92 et seg. 

The results of Dr. Kroon's investigations on valerianate of atropia, a 
very powerful remedy, are not less important ; the formula for the adminis- 
tration of this medicine is, Valerianatis atropiiB, gr. 1 ; extract! glycerrhizse, 
q. s. : misce, flant pUulae No. CXX. 

He begins, according to Dr. Michea's plan, with the one hundred and 
twentieth part of a grain per diem, and even in such doses, in very sensitive 
patients, symptoms of poisoning manifest themselves ; he gradually in- 
creases the dose, even to one-fifth of a graiu in the day. Such toxical 
phenomena as mydriasis, photopsy, photophobia, double vision, headach, 
vertigo, syncope, diarrhoea, pain in the abdomen and vomiting, dyspepsia, 
pain in the throat, and impeded deglutition often render it necessary to 
suspend the medicine for a time, to resume it again. The treatment is 
often rendered troublesome by the complaints of the patients in reference 
to the symptoms just described. 

Of thirty-four epileptics treated with this remedy, who were almost all 
cases of long standing, fifteen were improved, eighteen were no better, and 
one was cured. 

Of the fifteen improved, nine were women and six were men. They 
were aU cases of long standing. Of the nine women, four bit the tongue, 
five did not ; among the men were only two tongue-biters. In all the 
epilepsy was idiopathic, the patients had no distinct aura, and the fits came on 
suddenly. The case which recovered was the only one of short duration. 

It is remarkable that this medicine seemed to be most useful in idio- 
pathic epilepsy, even when of long standing. The eighteen patients in 
whom it had no beneficial effect, were distinguished from the fifteen, where 
the reverse obtained : 1. By the fact that in the former, the disease was 
of an hysterical character, and that the attacks were in part of a slighter 
nature; by these patients the remedy was in general not borne, and in 
consequence of their excessive sensibility, it rapidly excited toxical phe- 
nomena, while in them the lactate of zinc proved useful. 2. Most of these 
bit their tongue, and aU had an aura epileptica, which was not the case 
in those improved by the valerianate of atropia. 3. In many of them the 
attacks were of recent origin. 

Those, on the contrary, who improved under the valerianate of atropia 
exhibited in a much slighter degree only trifling toxical symptoms, so that 
the remedy could be given to them in much larger doses. From all his 
observations, the writer infers that : — 

1. Valerianate of atropia causes improvement chiefly in cases of long 
standing, where the prognosis is in other respects unfavourable. 
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treatment of this disease, — I shall esteem myself extremely happy in 
having, as a conclusion to my five-and-thirty years' experience, 
scattered some seeds, which I trust a more youthful and vigorous 
generation may bring to greater growth and maturity. 

2. This remedy is always contra-indicated in hysterical epileptics on 
account of the violent toxical symptoms it produces. 

3. It is in general borne better by men than by women, I. v., p. 75. 
From the author's further investigations, which at my suggestion were 

extended to animals, as well as from the toxical phenomena to which the 
valerianate of atropia gives rise (dilatation of the pupil, impeded deglu- 
tition, &c.), it would appear that this medicine acts directly on the medulla 
oblongata, and as this part is irritated in hysterical epilepsy, the valerianate 
seems in such cases to act too violently, and therefore to be injurious ; 
while in cases of long standing it is better borne, and then seems to lessen 
the tendency to reflex action and to fits. 

The lactate of zinc, on the contrary, seems, as we have seen of the oxide 
of zinc, to act rather on the sympathetic nerve than directly on the medulla 
oblongata, and thus to be useful in hysterical and sympathetic epilepsy. 
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CONCLUSIONS 

FEOM THE PATHOLOGICAL PAET OF THIS TREATISE. 

1. As the two sides of the meduHa oblongata are more intimately 
united by a much greater number of transverse fibres and com- 
missures than any other part of the cerebro-spinal system, and as 
the multitudinous groups of ganglionic cells there situated appear 
to be destined for bilateral reflex action, as is evidenced in the acts 
of swallowing, respiration, &c. — so the morbid excitations and 
affections of this part are likewise distinguished by bilateral reflex 
phenomena, in the form of spasms, and epileptic convulsions. 

Z. Unilateral lesions of the spinal cord or of the brain, do not 
excite local bilateral actions ; it is not until such irritation has com- 
municated itseK to the medulla oblongata that bilateral convulsions 
arise, the influence producing which proceeds from this part and 
affects first the nerves of the medulla oblongata, but may subse- 
quently extend to other nerves. 

3. Accordingly, convulsions and epilepsy first commence with 
convulsive movements in the face, the tongue, and the muscles of 
respiration; it is not until the disease has made further progress 
that the extremities take part in these movements. 

4. The special seat and starting-point of these convulsive move- 
ments is situated in the ganglionic cells of the medulla oblongata, 
which, as reflex ganglia, possess the peculiar property, that when once 
brought into an excited condition, they may more or less suddenly 
discharge themselves and communicate their influence to different 
nervous filaments. After their discharge, a certain time is again re- 
quired to bring them to their former degree of excitability, and to 
render them capable of fresh discharges, just as we see to be the case 
with electric batteries, or in the phenomena of an electrical fish. 

Hence, a slight attack of epilepsy, whereby these cells are not 
completely discharged, is usually followed more quickly by a second 
attack, while a longer free interval generally succeeds to a severe 
fit. 
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5. For the restoration of activity in the ganglionic cells, a suffi- 
cient afflux of arterial blood is requisite, and accordingly we find that 
the ganglionic groups of the medulla oblongata in general possess 
more blood-vessels than the grey substance in the spinal cord and 
in the brain. 

6. The exalted irritability and capacity for convulsive movements 
in the medulla oblongata is commonly excited by a remote irritant, 
whether this proceed from the brain, from one of the nerves of the 
spinal cord, from the influence of the sympathetic on the spinal 
cord, from the intestines, or the sexual organs. To the influence 
of such a remote irritant, epilepsy is very frequently due. 

7. In the commencement of epilepsy, therefore, it would seem 
that no apparent organic change exists. Rapidly, however, probably 
in consequence of the repeated congestion, the presence of a more 
albuminous intercellular fluid between the nervous filaments is 
manifested, which may first cause more or less hardening, and may 
subsequently give rise to fatty degeneration and softening. In ad- 
dition, dilatation of the arterial capillaries, and thickening of their 
walls ensue. 

8. These blood-vessels in the medulla oblongata run chiefly in 
the region of the roots of the hypoglossus and vagus, as well as in 
the septum and in the corpora olivaria. 

The posterior half of the medulla oblongata, from the fourth ven- 
tricle, in epileptic subjects, appears on a transverse section redder 
and more hyperemic, than in the normal state, whether the sufferers 
died during an attack or not. 

9. Epileptics may be divided into two classes; those who bite 
their tongues during the fit ; and those, in whom this never or ex- 
tremely rarely occurs. In the former, the capillary vessels are 
usually wider in the course of the hypoglossus and corpora olivaria ; 
in the latter, in the course of the vagus. In these last, the disease 
is, on account of the greater tension in the organs of respiration, 
more dangerous, and the patients die during a fit, most frequently in 
consequence of arrest of respiration, which appears to occur less 
frequently in patients of the first class. 

10. This increased vascular dilatation, with thickening of the walls, 
whereby the afflux of arterial blood is augmented, and the ganglionic 
cells are more rapidly charged, and the altered exudation of inter- 
cellular fluid, appear to constitute the proximate causes of the 
incurability of many long-standing cases of epilepsy. 
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11. Dulness and apparent dementia, in consequence of epilepsy, 
afford no sufficient proofs of incurability, and must not be con- 
founded with dementia after acute mania. Dementia after epilepsy 
appears to be the result of pressure on the grey substance of the 
brain, ia consequence of the distention of the blood-vessels, and dis- 
appears again after the cessation of the attacks. Dementia after acute 
mania depends upon degeneration of the cortical substance and is 
incurable. 

12. Attacks of unconsciousness, with little or no spasms, depress 
the mental powers much more rapidly than spasms without loss of 
consciousness. 

13. Eor the rational treatment of epilepsy, it is requisite that we 
should fulfil the two following indications : — 

I. To diminish the excessive sensibility of the medulla oblongata, 
and to moderate, if necessary, the superabundant determiaation of 
blood to these parts. 

n. So far as possible to expel or remove the remote cause, which 
by its action on the medulla oblongata keeps up the increased 
capacity for morbid reflex movement and discharge of the gang- 
lionic cells. 

14. A very frequent remote cause of the disease is an exalted 
nervous action of the bowels or sexual organs, whence a reflex action 
on the medulla oblongata arises, producing epilepsy ; but the remote 
causes occur also in the brain. 

15. Most so-called specific remedies, as flowers of ziac, nitrate of 
silver, artemisia, and other drugs, appear to act by moderating the 
great sensibility of the irritated intestines ; but have no direct influ- 
ence on the medulla oblongata. 

If by this mode we succeed, especially in a chronic case, in abating 
or postponing the attacks, a more violent fit may ensue after a longer 
interval, and may occasion a fatal result. On this account we must 
simultaneously act on the medulla oblongata, and endeavour to 
diminish its exalted sensibility. 
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THE END. 
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